WORLD INTELLECTUAL PROPERTY ORGANIZATION 
IntemationBl Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Intematloaal Patent aassification ^ : 
C12N 15/00, 1/20, 5/00 
C12N 7/00, a2P 19/34, 21/06 
A61K 39/12, 37/00, AOIN 63/00 



Al 



(11) International PnbUcation Number: WO 94/03596 

(43) International PnbUcation Date: 17 February 1994 (17.02.94) 



(21) International Application Number: 

(22) International FlUng Date: 



PCT/US93/07179 
30 July 1993 (30.07.93) 



(30) Priority data: 
921.104 



30 July 1992(30.07.92) 



US 



(71) Applicant: UNIVERSITY OF HAWAH [US/USl; 2800 

Woodlawn Drive, Suite 280, Honolulu, HI 96822 (US). 

(72) Iiiventois: HU, Wen ; WANG, Jie ; 1330 Kinau Street, 

#16, Honolulu, HI 96814 (US). 

(74) Agent: BYRNE, Thomas, E.; Nixon & Vanderhye, 8th 
Floor, 1 100 North Glebe Road, Arlington, VA 
22201-4714 (US). 



(81) Designated States: AT. AU, BB, BG, BR, BY. CA, CH, 
CZ, DE. DK, ES, FI. GB, HU, JP, KP. KR, KZ, LK, 
LU, MG, MN, MW. NL, NO. NZ, PL. PT, RO, RU, 
SD, SE, SK, UA, VN, European patent (AT. BE, CH, 
DE, DK. ES, FR, GB, GR, IE. IT. LU, MC, NL. PT. 
SE), OAPI patent (BF, BJ. CF. CG. CI, CM, GA, GN, 
ML. MR. NE. SN. TD, TG). 



Published 

With iniemational search report. 



^ 1 — — 71 i — r 

(54)Tltie: ANTISENSE VIRUSES AND ANTISENSE-RIBOZYME VIRUSES 

(57) Abstract 

Antisense viruses and antisense ribozyme viruses are disclosed. The novel artificial viruses, their synthesis and their use in 
preventing and treating viral infections are presented. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to idena^ States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 





Austria 


AU 


Australia 


BB 


Barbados 


SB 


Belgium 


BF 


Burkina Fa<o 


BC 


Bulgaria 


BJ 


Benin 


BR 


BftttU 


BY 


Belarus 


CA 


Cflnndfl 


CP 


Ctentral African Republic 


CG 


Congo 


CH 


Switierland 


a 


C6te dMvoire 


CM 


Cameroon 


CN 


China 


GS 


Cucfaoslovalila 


CZ 


Oucti Republic 


DB 


Oar many 


DK 


Denmark 


BS 


Spain 


Fl 


Finland 



PR 


Prance 


GA 


Gabon 


GB 


United Kingdom 


GN 


Guinea 


GR 


Orecee 


HU 


Hungary 


IB 


Ireland 


rr 


lialy 


JP 


Japan 


BP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


KazakhMan 


LI 


Ueebtenstein 


LB 


Sri Lanka 


LU 


Luiembourg 


LV 


Latvia 


MC 


Monaco 


MG 


Madagascar 


ML 


MaU 


MN 


Mongolia 



MR 


Mauritania 


MW 


Malawi 


NB 


Niger 


NL 


Notberlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SB 


Sweden 


SI 


Slovenia 


SB 


Slovak Republic 


SN 


Senegal 


TD 


Chad 


TG 


Togo 


UA 


Ukraine 


US 


Unllod Sutes of America 


uz 


Uzbekistan 


VN 


Viet Nam 



wo 94/03596 



PCr/US93/07179 



mXlSmSS VIRUSES A£SD i^ISS^^-RIBOZSm VZWOSSS 
Field Qg 'the lavea^on 

This invention relates generally to artificial antiaense viruaas 
(ASV) and anti sense- ribosyme viruses (ARV), and to use such viruses to 
inhibit the replication of natural viruses. 

Background o£ the Invention 

Antiaense technologies have been employed primarily to block gene 
egression. During the process of gene expression, the information 
encoded in a gene (DNA) is first transcribed into a messenger RHA (mRMA) 
that is in turn translated into a protein. The original idea behind 
anti sense technology was to create a piece of polynucleotide (BNA or DMA) 
with a base sequence complementary to that of a particular messenger 
RNA. This antiaense RNA would bind to the mRNA, preventing it from being 
translated into protein as shown below: 



SENSE 



AKTISKMSE 



5 ' -ACCGTACCTAA-3 ' 



5'-ttacgtaccgt-3' 



DNA 





V 



V 



RNA: 



5 • -ACGGUACOTAA-3 ' 
\ 

\ 

\ 

\ 

\ 



5 ' -uuacgtaccgu-3 ' 

/ 

/ 

/ 

/ 

/ 



SENSE — > 5'-ACGGUACCUAA-3' 



COMPLEX: 



, IIMItlllM . 
3 ' -ugccaugcauu-5 ' < — 



ANTI SENSE 



X 



V 



(PROTEIN) 



wo 94/03596 PCr/US93/07179 



APPROACHES BY OTHER RESEARCHERS RELATED TO AKTI SENSE STRATEGY 
A. Antlssnse Egression Cons-tructs 

Genes are coa^osed o£ tw strands of DNA, only one of vfhich is 
noraally transcribed into aRNA. If the protein-eoding portion of the 
gene ie flipped over, the gene's regulatory sequence will cause the other 
- o7 "wrong" * strand to be transcribed, allowing a cell to produce 
antisense RNA. The antisense RNA produced by the flipped gene will bind 
and inactivate the RKA produced by the nomal gene. 

Isant JG & Weintraub H, Cell 36s 1007-15 (1984) showed that the 
synthesis of the ensysie thymidine kinase (TK) could be blocked in mouse 
cells if a flipped version of the thymidine kinase gene was introduced 
into the cells along with the normal gene. 

Two independent groups (Sheehy RE et al, Proc Natl Acad Sci USA 
85:8805, 1988; Smith CJS et al. Nature 334:724, 1988; Smith CJS et al. 
Plant nol Biol 14:369, 1990) created mush- resistant tomatoes by 
genetically engineering the plant to contain a flipped version of the 
gene for polygalacturonase, an enzyme that breaks down plant cell walls. 
As a result production of the enzyme was reduced up to 99% without 
directly disrupting the expression of other genes. Otherwise, the tomato 
plants appeared normal (SSoffat AS. Science 253:510, 1991). 

Oeller. et al. Science 254:437 (1991) describe reversible inhibition 
of tomato fruit senescence by antisense RNA. The authors chose one of 
the other targets to control tomato fruit ripening. They introduced into 
tomato plants an antisense RNA expression vector to 
l-aminocyclopropane-l-carboxylate (ACC) synthase, the rate-limiting 
enzyme in the biosynthetic pathway of ethylene which controls fruit 
ripening. The expression of the antisense RNA in the transgenic tomato 
plants inhibited tomato ripening and the biochemical changes associated 
with it, such as softening, color and aroma development. Administration 
of exogenous ethylene or propylene reversed the inhibitory effect. The 
authors noted that expression of antisense RNA to ACC synthase may 
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ameliorate losses du® to over- ripening of fruits and vegetables during 
transportation or bacauisQ of lack of refrigeration. 

Day AG et alo Proc Natl Acad Sci USA 88:6721-5, 1991, report the 
application of ontisensQ SHA technology, in plmnts, to achieve resistance 
to infection by a gesiini virus . The authors constructed transgenic 
tobacco plants carrying a genetic cassette including an antisense miA 
sequence of the viral ly oincodQd ALl gene of the gemini virus tomato golden 
mosaic virus ALl encodes a protein absolutely required for TQ^ 

DNA replication. After infection of plants with TGMV, the frequency of 
symptom development vas very significantly reduced in a number of 
antisense lines, and no DHA replication was seen in five of the six 
antisense lines studied, in contrast to controls. 

Han L, Yun JS & Wagner TE. Proc Natl Acad Sci USA 8ei«13-4317 1991, 
genetically engineered mice to express an antisense RNA to the Moloney 
murine leukemia virus (M-H^1V} proviral packaging sequences, which are 
needed to make infectious particles of the leukemia-causing virus. When 
these transgenic mice were infected with H-MuLV on the day of birth, none 
developed any symptoms of leukemia, although 31% of the control animals 
did. 

The Wagner group* s results caused molecular geneticist John Rossi of 
the city of Hope Medical Center in Duarte, California, to declare that 
"antisense is going to be a powerful antiretroviral tool.** It might be 
possible, Wagner suggested, to genetically engineer lymphocytes, one of 
the major cell types infected by the AIDs virus, with antisense 
constructs that prevent the virus from replicating (Moffat AS. Science 
253:510, 1991). 

B. Synthetic Antisense BNAs or DNAs 

Helton* s group (Melton DA. Proc Natl Acad^Sci USA 82:144, 1985; 
Rebagliati MR £ Melton DA. Cell 48:614, 1987) showed that synthesis of 
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specific proteins could be prevsntQd in fro? eggs simply by injecting 
thera ^th synthetic sintisonsQ l^s. 

_ * 

Cal&bretta*@ group (Sscsylik C ot al. Science 253;562-65/ 1991) made 
a short, single* stranded ontisense DNA, just 18 nucleotides long, that 
specifically recognises the junction of the ABL hybrid gene resulted by 
"Philadelphia chroraosome translocation**. The antisense construct stops 
the growth of the cancer cells but not that of the normal cells from 
which the cancer cells were derived. 

ANTISENSE STRATEGY RELATING TO HIV-1 
A. Antisense Oligonucleotides 

Vickers, et al. Nucleic Acids Res,, 25 19(12 ): 3359-68 (1991) 
describe inhibition of HIV-LTR gene expression by oligonucleotides 
targeted to the TAR elements. A series of phosphodiester and 
phosphothioate antisense oligonucleotides were constructed which 
specifically bind to the HIV TAR element. The reason for using the 
phosphothioate analogues was based on the fact that these analogues are 
more resistant to degradation by DNase activities, enabling higher 
oligonucleotide concentration inside the cells. 

Renneisen, et al, J. Biol. chem. , 25 265(27) :16337-« (1990), 
describe inhibition of expression of human immunodeficiency virue-1 in 
vitro by antibody- targeted liposome containing antisense RNA to the env 
region. Treatment of HIV- II I IB infected H9 cells with in vitro 
synthesized viral env region antisense RNA encapsulated in liposomes 
targeted by antibodies specific for the T-cell receptor molecule CD3 
almost completely inhibited HIV-1 production. The viral env segment 
covered a part of exon II of HIV-1 tat gene. No anti-HIV activity could 
be detected with similarly targeted liposome-encapsulated sense env RNA 
or with pol RNA synthesized in either the sense or antisense 
orientations, or with env region antisense RNA free in solution, or « 
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Qzicapsulated In lip s mos in tho obsance of tho targeting Emtibody. A 
semiquantitative evaluation revealed that 4000-7000 RNA molecules becama 
cell-bound in targeted liposomes; the half-life of the intracellularly 
present hybridisable antisensG Qnv ItMA tifas approKisiately 12 hours. 
Western blots showed that antisenae env RNA suppreosed tat gene 
" Qsspression by approxiaately 90% and gplSO production by 100%. These data 

vere confirmed by imsiimoprecipitation studies. Northern blots (using an 
env probe) demonstrated the escistence of all major BIV RMA species (9.3-, 
4.3-, and 2.0-kb mRNA) in HIV-infected cells treated with antlsense env 
RKA although at a reduced level. It was concluded that the antisense env 
PNA inhibited viral protein production at the translational level. 

B. Antisense Expressing Constructs 

Rhodes et al, J. Gen. Virol., 71 {pt9 ): 1965-74 (1990), describe 
inhibition of hxunan immunodeficiency virus replication in cell culture by 
endogenously synthesized antisense BNA. Six regions from HIV-IIIIB were 
inserted into retroviral gene esspressing vector in antisense 
orientation. Two of these expressed antisense RNAs were found to reduce 
significantly the replication of HIV-IIIIB in cell culture. The 
inhibitory antisense- RNAs contain sequences complementary to the AUG 
initiation codon of the tat gene. Inhibition was substantial (over 70%) 
but transient. At least part of the Inhibitory effect is at the 
posttranscriptional level. 

Rhodes et al, AIDS, S(2):145-51 (1991), describe inhibition of 
heterologous strains of HIV by antisense RNA. The longer (600 bases) of 
the two inhibitory antisense RNAs inhibits replication of HIV strains RF, 
HN and SF2 to at least as great an extent as it does the homologous 
strain 1 1 IB. The shorter one (71 bases) does not inhibit the replication 
of the heterologous strains. The level of inhibition of HIV-IIIIB 
replication varied according to the cell line in which it was expressed, 
but in all cases was significant. 

Rittner et al, Nucleic Acids Res., 19(7): 1421-6 (1991) disclose 
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idantifi cation and analysis of antisense RNA tar9<Bl: rogions of the hizinan 
iosiunodQficioncy virus typQ 1. Antisensa RNA., tronacribod 
introcollularly from constitutivo QKpression cassettQs, inhibits the 
roplication of HIV-1 as domonstrated by a quantitative microinjection 
assay in human SW480 cells. Infectious proviral BIV-1 DNA tfas 
co-microinjected together with a fivefold molar e^ess of plasmld 
expressing antisense RNA complementary to a set of ten different BIV-1 
target regions. The most inhibitory antisenae KKA expression plasmld 
were targeted against a 1 Icb rogion with the gag open reading frame and 
against a 562 base region containing the coding sequences for the 
regulatory viral proteins tat and rev. 

Oblocts of the Invention 

It is an object of the invention to provide novel compounds and 
methods of treating and preventing viral infections including HIV 
infections . 

It is an object of the invention to provide therapeutic agents for 
the treatment and prevention of AIDS having: 

(1) the ability to target HIV; 

(2) the power to inactivate (disable or eliminate) HIV; 

(3) the specificity to act only on HIV; 

(4) the potential to protect the cells against HIV; 

(5) a long in vivo life. 

It is an object of the invention to provide a method of producing 
anti sense viruses. 

It is an object of the invention to to provide a method of producing 
anti sense- ribozyme viruses. 
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The presexi't invontion provides an an'tlsense viruo comprising sl 
viral coat siifficiently duplicative of a naturally occurring virus vira^ 
coat to allow thQ infoctivity of the naturally occurring virus, and 
nucl<sic acid including sin antisens® fragment which is antieense to a 
section of a gene encoding a transactivating protein required for the 
naturally occurring virus to replicate. Xhe antisense fragment encodes 
anti sense SNA capable of binding and inactivating mRNA encoded by the 
gene encoding a transactivating protein. 

The invention further provides a process for the production of an 
antisense virus. The process comprises the steps of a) growing tinder 
suitable nutrient conditions procaryotic or eucaryotic host cells 
transfected in a manner allowing escpression of said antisense virus, with 
i) a first DNA sequence Including structural genes of a 

naturally occurring virus, and an antisense fragment which 
is antisense to a section of a gene encoding a 
transactivating protein required for the naturally 
occurring virus to replicate, and 
11} a second DHA sequence encoding the transactivating protein, 
and b) isolating the antisense virus. 

Also conprehended by the invention is a method of treating or 
preventing a viral infection comprising administering to an Infected 
anliaal a therapeutically effective amount of an antisense virus. 

Also provided is an anti sense- ribozyme virus comprising a viral coat 
sufficiently duplicative of a naturally occurring virus viral coat to 
allow the Infectlvlty of the naturally occurring virus, and nucleic acid 
Including an antisense fragment which is antisense to a section of a gene 
encoding a transactivating protein required for the naturally occurring 
virus to replicate. The antisense fragment encodes antisense KNA capable 
of binding and inactivating mRKA encoded by the gene encoding a 
transactivating protein. The antisense fragment also encodes at least 
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one ribozyine capablQ of clsaving the aRNA. 

The invention further provides a process for the production of an 
antiQense ribosyne virus* The steps include &) growing under suitable 
nutrient conditions procaryotic or eucaryotic host cells transfected in a 
manner allowing egression of the antisense ribosyne virus, with: 

i) a first DMA sequence including structural genes of a 
naturally occurring virus, and an antisense fragment which 
is antisense to a section of a gene encoding a 
transactivating protein required for the naturally 
occurring virus to replicate. The antisense fragment 
encodes antisense KNA capable of binding mRKA encoded by 
the gene encoding a transactivating protein. The antisense 
fragment also encodes at least one ribosyme capeible of 
cleaving the mRKA, and 

ii) a second DNA sequence encoding the transactivating protein, 
and b) isolating the antisense ribozyme virus. 

Also included in the invention is a method of treating or preventing 
a viral infection comprising administering to an infected animal a 
therapeutically effective amount of an antisense- ribozyme virus. 

The invention also provides a method of connecting & first DNA 
segment to a second DNA segment, when the first DNA segment and the 
second DNA segment are separated by a length of DNA or located on 
different molecules. The method comprises carrying out polymerase chain 
reaction using the DNA segments as templates, and using a primer A , 
con^lementary to the 5' end of the first DNA segment, a primer B 
complementary to the 3' end of the second DNA segment, and a bridging 
primer comprising DNA complementary to the 3' end of the first DNA 
segment as its 5' half, and DNA complementary to the 5' end of the second 
DNA segment as its 3' half, as primers. 
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TBrief Bescrihrtipia of flue Kkawfags 

FIGURE 1 shows pX (short for pHXB2gptX). Three arrows point 
to three EcoNI sites. When sites #2 and #3 are elimmated, pX becomes 
pXE. 

HGURE 2 shows the genomic structure of HIV-I. ^ch of the nine 
known genes of HIV-1 are shown, and ^ir recognized primary functions 
summarized. The 5* and 3' long terminal repeats (LTRs) containing 
regulatory sequences recognized by various host transcription &ctors are 
also depicted, and the positions of the Tat and Rev RNA response elements 
(TAR (transactivation response) element and Rev response element) are 
indicated. 

FIGURE 3 shows a schematic diagram of the HIV-1 Virion. Each 
of the virion protems making up the envelope (gpl2(r^ and gp41"0 and 
nucleocapsid ft)24^, pl7®^, p9^, and p7^ is identified. In addition, the 
diploid RNA genome is shown associated with reverse transcriptase, an 
RNA'^ependent DNA polymerase. 

FIGURE 4a is a diagram of pXE. 

FIGURE 4b is a diagram of pXE-a. 

FIGURE 4c is a diagram of pXE-ar. 

FIGURE 5 shows the plasmid structure of SFneo. 

HGURE 6 shows 4e genetic organizations of HIV-1, HIV-2 and 

SIV. 

FIGURE 7a is a diagram of SFneo-tat(-f*). 
FIGURE 7b is a diagram of SFneo-tat(-). 

Detailed Description of the Invention 

The subject mvention relates to antisense viruses (ASV) and 
antisense ribozyme viruses, their synthesis, and their use in treating and 
preventing viral infections. 

-9- 
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Antisense viruses are artificial viruses carrying antisease 
nuclQotide sequences to their natural counterparts. Antisense RNAs 
e;spressed by the anti sense viruses bind to the aRKAs OKpresaed by the 
naturally occurring viruses and prevent the aRNAs from being translated 
into proteins, thereby preventing the naturally occurring virus from 
replicating. The antisense viruses maintain the infectivity of the 
naturally occurring viruses, allowing antisense RNAs to reach the aRNAs 
of the natural viruses. Antisense virus strategy provides a new therapy 
for viral, including retroviral diseases. 

The antisense virus of the invention comprises the viral coat (i.e., 
the envelope and optionally the capaid in the case of enveloped viruses, 
and the capsid in the case of viruses without an external envelope) 
sufficiently duplicative of a naturally occurring viral coat to give the 
antisense virus the infectivity of the naturally occurring virus, and 
nucleic acid including an antisense fragment which is antisense to a 
section of a gene encoding a transactivating protein required for said 
naturally occurring virus to replicate. The antisense fragment encodes 
antisense RNA which is capable of binding and inactivating mRNA encoded 
by the gene encoding a transactivating protein. Typically, the viral 
coat of the antisense virus is identical to the corresponding naturally^ 
occurring virus. The nucleic acid of the antisense virus typically 
contains all the structural genes of the naturally occurring virus. 
Further, nucleic acid typically includes all of the regulatory genes of 
the naturally occurring virus except the gene encoding the 
transactivating protein* Advantageously, the nucleic acid of the 
antisense virus is the same as the nucleic acid of the corresponding 
virus with the exception of the antisense fragment (which replaces a 
section of a gene). Since the antisense virus does not contain a gene 
required for replication of the virus, the antisense virus is replication 
defective. The antisense fragment is part or all of the gene encoding 
the protein required for replication, turned antisense. The length of 
the antisense fragment must be sufficient to permit the antisense RNA 
transcribed from the antisense fragment to bind and inactivate the mRNA 
encoded by the gene encoding the required protein of the naturally 
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occurring virus, thus thwarting replication of th natur&Ily ccurring 
virus. Thus, the antioense fragment is part or all of the target gene 
turned SLntisense. As used herein, the term "section of a gene** refers to 
part or all of the gene(0) encoding the transactivating protQin(s) 
roquirod for the naturally occurring virus to replicate. 

The antisense virus of the stibject application is aade for use in 
treating or preventing disease caused by a vride variety of naturally 
occurring viruses. Antisense viruses is made to treat or prevent animal 
or plant viral infections. Further, antisense viruses are made to render 
inactive DNA as well &s RNA viruses. Further, the antisense virus of the 
invention is used to treat or prevent infections caused by retroviruses. 

Since the antisense virus of the sxibject invention is replication 
defective, a special host cell is required to produce the antisense virus 
in vitro. The antisense virus is replication defective since it does not 
contain a gene encoding a protein recpiired for replication. In order for 
the host cell to be able to construct an antisense virus, it must contain 
a gene encoding the protein which the antisense virus requires. This 
protein must be a transactivating protein since it is supplied by a 
source other than the nucleic acid of the antisense virus. In order to 
avoid th{« antisense RNA encoded by the antisense fragment from binding 
the oiHNA transfected from the complemental gene, the complemental gene 
sequence is typically "diversified" such that the antisense KNA will not 
bind the mRNA transcribed from the complemental gene. The amino acid 
sequence of the protein produced by the complemental gene, however, is 
the same as the corresponding protein of the naturally occurring virus. 

In order to construct the cell line which produces the antisense 
virus, the complemental gene can be transfected into the host cell 
before, at the same time, or after transfection of the host cell with the 
gene encoding the antisense virus. 

The subject invention also relates to anti sense- ribozyme viruses 
(ARV) which are the same as antisense viruses except one or more ribozyme 
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catolyst saquQncQS have been IncorporatQd ixi'to the antlsenoe 
0oquGnc(s(s) . ThQ antl sense- ribosyne viruses are structured auch that the 
binding of the antisense RN^ to si particular aRNA t^Il aeet the 
requirements for the foraation of specific structure enabling ribosysaes 
to cleave the particular saRKA at predetermined positions* The isibility of 
ribosymes to cleave RNA plus the binding specificity of antisense RHA 
give antieense-ribosyme viruses the ability to eliminate the natural 
viruses. 

Antisense viruses and/or anti sense- ribosyme viruses are often 
referred to collectively herein as "antisense/ribosyme viruses" or 
"ASV/ARV" . 

Although antisense viruses and/or anti sense- ribozyme viruses to 
HIV-1, HIV-2 (human immunodeficiency viruses type 1 and 2) and SIV 
(simian immunodeficiency virus) are exemplified herein, the strategy is 
applicable to other viruses. 

ANTISENSE/RIBOZY^ HIV-1 CLOHES 

A. Full-Length Froviral Molecular Clones and Antisense/Ribozyme Proviral 
Molecular Clones: 

pS,z Short for pHXB2gptX. HXB2 is a functional HIV-1 

molecular clone which has been widely employed in many kinds of 
e^eriments all over the world. The plasmid construct of pX is shown 
in Figure 1* 

The genomic structure of HIV-1 is shown in Figure 2. A schematic 
diagram of the HIV-1 virion is shown in Figure 3. 

The genetic organization of parental pX (HIV-IIIIB) is shown below. 
Only those restriction enzyme sites to be used during the construction 
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procQdurQS are Qhoim. 
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pWI.: Short for pHIVNL4-3. An infectious recombinant HIV-1 clone 

that contains DNA from HIV isolates NYS (S' half) and BRU (3' half). The 
site of recombination is the unique EcoRI site at nt 5743-5748. The vpr 
coding region of pNL is 18 amino acid residues longer than that of pX, 
due to a single "T" base deletion at nt 5770. The genetic organisation 
of pNL is almost the same qs pX, but the vpr is longer, and the Clal site 
and the first EcoRI site are missing. 

vif ypn env 



gag 



nef 



pol vpr c=i < — tat ~>D 



▼ •ptj L- ' 1 1 rr<— rev «■-> i r LTR 



m^u ^: III!! ! II 

tar III II I i i 

WRS EN E B X 

ASo AntisensQ B ° BaaHI C ° Clal B ° EcoHI 

H o UdQl R ° EcoRI S ° Sail X ° XhoX 

piSSi Modified from pX to facilitate the construction of 

antisense/ribosyme clones. A "T" to "G" point mutation has boen 
introduced at nt 7633 in order to abolish the second EcoNI restriction 
site within the proviral sequence. The EcoNI site outside the proviral 
sequence has also been removed by polymerase fill-in and religation. pXE 
is considered the same as pX, but has only one EcoNI cleavage site at nt 
5966 in the whole clone. The point-mutation introduced does not change 
th® protein sequences. 

Genetic organization of pXE is as follows (see also Figure 4). Note 
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tho OQCond EcoNI site has been deleted. The deletion, houever, did not 
change the genetic organisation. 
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pXE-Qt A DMA fragment of 171 base pairs, from nt 5795 to nt 5965, 
covering 45 amino acid codons of the N-terminus of the TAT protein, has 
been turned antisenBe. Consequently, the production of the whole TAT 
protein would bs eliminated. 

Genetic organisation of antieenae clone pXE-a is as follows (see 
also Figure 4). The sequence between Sail and EcoNI sites has been 
turned antisense* As a consequence of this inversion, the tat gene is 
destroyed and the whole clone becomes replication defective 
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pXS-bt Somo Qo pXE-a plus the nt 5970 "T** hae bean mutated to 
^'G'*. As the consequence of this point-mutation, the initiation codon of 
rev is erased as is the whole REV protein. 

Genetic organization of antisenae clone pXE-b is as follows* The 
□Qquence between Sail and EcoHI sites has been turned antisense. 
Consequently, the tat gene is destroyed and the whole clone becomes 
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roplication defactlvo. Additionally, the initiation codon of rev gene 
has boen nutatsd and the rev gene too is eliminated. 



gag 



vi£ vpu env 



pol vpr 3CXX < — XXX — >n 



iTR ' ' I 1 x<" 3CXX — > c=r . 

tar~! I II! Ml I I ! 

C R NRS E K B X 

AS° Antisense B <=> BanBI C ° Clal E ° EeoHI 

N ° NdGX R <=> EcoRI S ° Sail X ° Xhol 



p3C5-ar3 A ribosyme catalytic domain has been incorporated into 
the antloense sequence of pX£-a, thus adding the RNA cleavage activity to 
the antlsense clone. 

Genetic organization of antlsense clone pX£-ar is similar to pXE-a 
(see Figure 4). Note the position of the ribozymeJ 

vif vpu env 

gag n=i ^ > « ne£ 

I 1 pol vpr XXX < — XXX ~>n \ i 

LTR I t , , ^< — rev — > 1 r LTR 

; • . Q • Ccjf — •••• 

tar I 1 III ASl ! ! ! 

C R NR5 £ N B X 

M° Antlsense fi o BamBI C » Clal E » ScoNI 

K ° Kdel R ° BcoRI 5 <=> Sail X ° XhoZ 

pXE-br: A ribozyme catalytic domain has been incorporated into the 
antioenoe sequence of pXE-b, thus adding the RNA cleavage activity to the 
antlsense clone. 

Genetic organization of antioonse clone pXE-br Is similar to pXE-b. 
Noto the position of the ribozyme. 



gag 



vif vpu env 

■ — ■ ■ nef 



pol vpr XXX < — XXX — '>n 



LTR ' ' r- — I X<— XXX — > 1 1 LTR 

V =• □ ^' : — T"' • 

tar I Mil AS! I II 

C R HRS E H B X 

AS° Antlsense B ° BamHI C « Clal E ° EcoHI 

N a Kdel R ° EeoRI S « Sail X « xhol 
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Subclones: 

pX-H: Hade from pX. An Ndel fragment of 1281 bps, from 
5121 to 6402, bas been romoved from pX and religat@d. 
Included in tbe removed fragment, among other things, 
are the unique NcoI-5674, Sail -5785 and a EcoNI-596&. 
pX-N contains 2 other EcoNI sites, one at nt 7631 and 
the other outside the proviral sequences. 



I i ! i i ! ! 

c It n n E B X 

SiS^ Antlsense B ^ BaaEI C ^ Clal E ^ ScoHI 

■=> m<&l R °> ScoRI S o Sail X XhoZ 



pX-M-S: Made from pX-N with the two EcoNI sites eliminated. The 
EcoNI-7631 has been point-mutated, and the outside 
EcoNI has been enzymatically erased. 



! ill ! I 

C R H N B X 



pX-E2: The fragment of Clal ( 629 )-BamHI( 8474) from pX has 
replaced the corresponding fragment of pX-N-E, thus 
putting back the 1281-bp Ndel fragment. Also put back 
are the EcoNI sites at nt 5966 and nt 7631. 



I I I I I t I ! ! ! 

I t I I I I 1 ill 

C R NRS EN E B X 



AS« Antisense B ° BamHI C ° Clal E ° EcoNI 

W ° Ndel R ° EcoRI S ° Sail X ° Xhol 

pXE: The EcoNI site at nt 7631 has been point-mutated 
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so the whole clone carries a uniq[UG BcoNI sitiQ at nt 

5966. See also "Full-Length Molecular Clones or Mutants" above. 



\ I l!l ! I I i 



^« totlsense 3 °* 3aaSI C ° Clal S ° ScoHZ 

N = Hdel It « ScoRI S = Sail X ° Shol 

Gene-Sspression Sector CloneQ: 

S9CS-CS: A truncated HIV-1 clone made from pX and used as 

tat<-esspros8ion vector. Removed from this clone are 4484 
bps, from nt 636 to nt 5319 including most part of gag, 
all of pol and 5' half of vif open reading frames. The 
vpr, tat, rev, env, and nef genes and two LTRs are 
intact. 



c Rs s n s B X 



AS= Antisense B ° BaaHI C = Clal E ° SeoOT 

H ° Hdel R « EcoRI S ° Sail X ° Xhol 

pX-CSneo: A 1146-bp neo(r) cassette containing an Xhol- 

Sail fragment has been inserted into the unique Xhol 
site in pX-CS. Xhis clone has been endowed with 
neomycin resistance, but the insertion disrupts the 
nef gene. 



pK^n<sot Made from pX-CSneo. The Sail (5785) -Xhol (8896) 

(3111 bps) fragment, covering tat, rev and env coding 
regions, has been deleted from pX-CSneo. Essentially, 
pX-neo contains 2 HIV-1 LTRs with a neomycin resistant 
gene in between. This clone is used as neo(r)-only 
control. 

SEneo! Retroviral gene expression vector which en^loys 

Spleen Focus Forming Virus (SFFV) LTR promoter to drive the 
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escpression of th® gen® to be Inserted into the \migue EcoRI 
site. This clone is used also as neo(r)-onIy control. The 
plasmid structure is shown in Figure 5. 

S^QO-t/rK-o-]) : Tat eis i^ell as rev reading frames in 

continuation has been inserted in right orientation 
into the EcoRI sitQ of SFneo. This clone esspresses 
sense tat and rev bbRH&. 

Sl^eo-t/rC«J s Teat as well as rev reading frames in 

continuation has been inserted in wrona orientation 
into the EcoRI site of SEneo which employs Spleen Focus 
Forming Virus (SFFV) LTR promoter to drive the 
expression of the inserted gene. This clone ©sspresses 
anti sense tat and anti sense rev mRNA. 

SF&©o-tat{<-) s Inserted in right orientation into SFneo 
vector at EcoRI site the chemically synthesized 
nucleotide sequence which is different from tSie natural 
nucleotide sequence. This clone expresses sense 
mWIA which is translated into TAT protein with amino 
acid sequence identical to that of the natural HIV-1. 

SFneo-tat(-)s Inserted in wrong orientation into SFneo 
vector at EcoRI site the chemically synthesized 
nucleotide sequence which is different from the natural 
nucleotide sequence. This clone expresses anti sense 
SNA. 

« « « 
AMTISEHSE VIRUSES 

An antisense virus (ASV) is an artificial virus that expresses 
antisense FNA to one or more genes of its natural counterpart. An 
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antisense virus is genemlly roplication defective, necessitsi'ting an 
antisense virus production system in order to produce large quantities of 
antisexise viruses for therapeutic and preventive applications, 
antisense virus production system comprises three components: 

(1) an antisense proviral molecular clone; 

(2) a compleaental gene expression vector;. 

(3) an antifsense virus producer cell line (host cells). 

An anti sense- ribosyrae virus production system uses the same 
components (2) ai:d (3) combined with an antisense-ribozyme proviral 
molecular clone (discussed below) . 

The function and establishment of each component of the antisense 
virus production system will be exemplified in detail for an antisense 
virus for HIV-1. Similar systems for other human viruses such as HIV-2 
and SIV are <sasily developed by a person skilled in the art because of 
the similarity of genetic organizations between HIV-1, HlV-2 and SIV. 
The genetic organizations of HIV-1, HIV-2 and SIV are shown in Figure 6. 
Similar systems for other types of viruses can also be developed. 

HIV-1 Antisense Proviral Clones 

An HIV-1 antisense proviral molecular clone is made from a 
functional (infectious) HIV-1 molecular clone. It retains all of the 
natural HIV-1 structures and machinery esccept a part (or parts) of the 
genome has been turned antisense by sequence inversion. The antisense 
proviral clone is basically an intact molecular clone but the sequence 
inversion inactivates some functionally critical gene(s) and renders the 
whole clone replication-defective. However, the antisense proviral clone 
is constructed such that the f\inction(B) of the inversion- inactivated 
gene(s) can be complemented by gene product(s) provided by another source 
or sources than the antisense clone itself. In other words, replication 
of the antisense clone depends on gene product(s) from 80urce(8) other 
than the antisense clone itself. . 
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In the pr©SQnc® of the gene product(s) pr vided by a "coinplamental 
gene expression vector" for functional complementation, the antisense 
proviral clone makes virus particles (antisense viruses) in the antisense 
virus producer cell line. The constant presence of gene product(8) is 
achieved by engineering the antisense virus producer cell line to express 
the protein(s) constitutively before, during or after the antisense 
proviral clone is transferred into the cells. With this antisense virus 
production system the antisense viruses are made in quantity in vitro. 

The antisense virus is infectious and has the same "targeting" or 
"homing" specificity as the naturally occurring (wild type) virus. The 
antisense HIV-1 virus is able to attach to and enter CD4( + ) cells, 
mediated by its normal envelope proteins (gpl20 and gp41) just as the 
natural virus. Once inside the cells, the viral nucleocapsid 
reverse-transcribes its RNA genome into DNA, then integrates the viral 
DNA into the host genome, just as the natural virus does. But the 
antisense virus is non-replicative, hence non-pathogenic, in the absence 
of the gene product(s) that the antisense virus is missing. In the case 
where the antisense virus enters a healthy cell where no viral protein is 
being synthesized for functional con^lementation, the antisense virus 
will not replicate. 

In the case where the antisense virus enters a cell which has 
already been infected by natural virus (es), the antisense virus will 
compete for survival (replication) with the natural virus(es) for the 
gen® product(s) provided only by the latter. Once replicating, the 
antisense transcript (antisense RNA) will bind the natural transcript. 
The binding will shut off the natural viral protein synthesis; and vice 
versa. The consequence will be the inhibition, and eventually 
eradication, of the natural viruses and the antisense viruses. 

If the antisense virus enters a cell which becomes infected later by 
a natural HIV-1 virus, the dormant antisense provirus (having integrated 
into the human genome) is re-activated by the gene product(8) encoded by 
the natural virus. Its transcription produces antisense RNA which shuts 



-20- 



wo 94/03596 



PCr/US93/07179 



o£f the natural virus. 

If the CQll never becomes infected by any natural HIV-l virus, the 
antieense proviruis vill remain dormant and eventually be eliminated with 
the natural death of the cell. Potentially, the integrated onti sense 
provirus, though unable to make virus without gene product (s) provided 
from other source(8), will divide with the cell, thus "arming** each 
daughter cell with one copy of the antiaense proviral DNA. 

Construction of Antisense BIV-1 Proviral Clones 

The antisense HIV-1 proviral molecular clones are constructed with 
well-lmown fiinctional (infectious) molecular clones, e.g., BIV-IIIIB and 
RIV-1KL4-3. The antisense BKA, once transcribed, will carry the same 
sequences (only some area in antisense orientation) as the wild type 
mRKA. The sense and antisense R£2A sequences form comple:ies, a basic 
requisite for the antisense strategy to work. 

In case an antisense clone made from an e;cisting molecular clone 
does not work well with a particular patient's viruses because of 
sequence heterogeneity, an individualized antisense clone is made, using 
as a template the very virus strain infecting the particular patient. An 
antisense clone made in this way has exactly the same sequence (only in 
antisense orientation) as, and be able to form perfect duplexes with, 
that of the EIV-1 strain hosted by the patient (described further 
below) . 

Choosing Gene(s) for Inversion in HIV-1 

An antisense clone is made by inverting part or all of one or more 
genes of the naturally occurring virus to be neutralised. To be eligible 
for the inversion, the gene(8) must be indispensable for the replication 
of the virus, but must not be the structural genes. Structural genes. 
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i.e*, in the cas© f HIV: gag, pol, and Qnv, are necessary for the 
assQobly of Infectious virus particles. Infectious virus particles are 
employed as vehicles to deliver the antisense sequences effectively and 
specifically to the locations %rhere the naturally infecting viruses 
reside. It is iaiportant for the antisense virus to preserve the natural 
devices and to retain the sarae "targeting" or "homing" function as that 
of the naturally occurring virus. 

!I!he rev gene encodes a 19-kd phosphoprotein which is essential for 
the replication of HIV-1. The Rev protein appears to exert its 
regulatory activity at a post-transcriptional level by activating the 
cytoplasmic QKpression of the unspliced and singly spliced forms of HIV-1 
RN^ that encode the products of the gag, pol, and env genes. In the 
absence of Rev, these incompletely spliced viral mRNAs remain sequestered 
in the nucleus, where they are either degraded or completely spliced. 
Apparently, Rev positively regulates the formation of virus particles. 
Since the rev gene overlaps with tat, it is impossible to turn rev 
antisense without also affecting tat. Thus, the complemental gene 
expression vector would have to express both rev and ta'C'. Another 
consideration is that there is a splice junction site at the beginning of 
rev gene. If the splice junction sequence is turned over, the splicing 
may be lost, or placed at the wrong location, which would potentially 
impair the formation of infectious virus particles. 

An antisense proviral clone can be made that knocks out the function 
of the rev gene while keeping the sequence basically unchanged. This 
goal is achieved by changing the "T" in rev initiation codon (position 
5970) into a "6". The single base substitution will (1) abolish the rev 
gene product; (2) preserve the splice junction site; (3) preserve the 
unique EcoNI site which is critical in reconstructing antisense clone(s); 
and (4) create a new restriction enzyme site for Avrll, facilitating 
recombinant clone screening. 

Advantageously, the tat gene is turned antisense. TAT corresponds 
to an 86-amino-acid nuclear protein that is essential for the replication 
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of HZV-1. TAT potQxitly tsrEins^QCtivates the Qsc^ression f all viral 
gonea. The TAT protein appears to contain thrQQ prim&ry structural 
doaains, including a prolinQ-rich M-torminus, a eystelne-rich centr&l 
portion, and a positively charged distal segment. The cystQine-rieh 
domain (located bettfeen amino aeids number 21*37 of the protein) probably 
mediates dimerisation of the this trans-activator, t^hereas the positively 
charged distal segment is responsible for both KNA binding and 
nuclt&ar-nucleolar localisation. Thus far, no clear function has been 
ascribed to the proline-rich domain (located at the first 18 isaino 
acids). TAT acts through an SNA stem- loop structure termed the 
"transactivation response element (TAR)**, located at the beginning of all 
BZV<>1 nHKAs. The preponderance of evidence suggests that it acts 
primarily at the level of transcription initiation, elongation, or both. 
TAT protein is trans- acting^ therefore the TAT function abolished in the 
antisense clone can be easily compensated by introducing into the 
cultured cells a TAT-expressing cassette. The TAT protein expressed by 
this cassette will regulate the replication of antissnse HIV-1 whose tat 
gene has been flipped over and rendered functionless. 

Below is a description of a region of the tat gene being turned 
antisense. 

Analysing the Selected Area for Inversion in the TAT GENE 

The original sequences between positions 5774 to 5986 in the HIV-1 
molecular clone HXB2 are as follows [numbering according to GenBank, 
LOCUS HIVHXB2CG, 9718 bp, 7RL 25-SEP-1987. DEFINITION: Buman 
immunodeficiency virus type 1 , complete genome; BIVl/BTLV*III/IiAV 

reference genome. ACCESSION K03455]. Notice the coding sequences for 
the end part of vpr (which is different between clone pNL4*-3 and EXB2), 
the beginning of tat-1 and rev-1, the two splice acceptor (sa) sites at 
positions 5776G/5777A and 5975G/5976G, the unique restriction enzyme 
sites of Sal- 1 and EcoNI (positions 5785 and 5966 respectively, both 
shown underlined . In the stibject application, all restriction enzyme 
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sitos are indica'ted by the first base of the Qnsyaes* recognition 
sequences). EcoNI is unique in plasmid clone pXE but not pX, as detailed 
later. The area written in bold- type [nucleotides (nt) 5795-5965] is to 
be turned anti sense by sequence inversion. 



5774 HXB2VPR<— 1 5795 |— >TAT 

I Vsa II I 

Q N W V S T * 
RIGCRHSRIGVTRQRRARNGA 

HEP 

NLVPR<- I 
S R S ^ 

VDPRLEPWKHPGS QPKTACTNC 

5965 
I 

CTATTOTAAAAACTCOTtX^SfTTt^^ 



YCKKCCFHCQVCFITKALCIS 
|~>REV 5986 
I Vsa I 

ATGGCAGG AAGAAGCGGA-3 * 
M A G R S G 

y G R K K R 



Three- and one*=» letter codes for amino acids: 



Amino Acid Three-letter Code One- letter Code 



Alanine 


Ala 


A 


Arginine 


Arg 


R 


Asparagine 


Asn 


N 


Aspartic Acid 


Asp 


D 


Cysteine 


Cys 


C 


Glutamic Acid 


Glu 


s 


Glutamine 


Gin 


Q 


Glycine 


Gly 


G 


Histidine 


His 


H 


Isoleucine 


lie 


I 


Leucine 


Leu 


L 


Lysine 


Lys 


K 


Methionine 


Met 


M 


Phenyl a 1 ani ne 


Phe 


F 


Proline 


Pro 


P 
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Serine Ser S 

ThTQoniaQ Zhr T 

Tryptophan Trp W 

Tyroslno Tyr Y 

Valine Val V 



The inversion involvos a total of 171 b&LS® pairs (bps). The 
seguonce involvoment for HI VI ^as decided according to the following 
considerations. The sequence involvement for other viruses is also 
decided according to the following considerations. 

First/ the inversion advantageously should cover as much tat coding 
sequence as possible, especially the initiation codon (ATG) and the 
functionally is^ortant cysteine codons, in order for the onti sense RNA 
expressed by the antieense viruses to bind as effectively to the natural 
viral tat mRNA m@ possible. The wide coverage also minimizes the 
possibility that the antisense proviral clones remain self- functioning. 

Secondly, the inversion should cover as little other gene coding 
sequences and RKA processing signals as possible, especially the rev gene 
and splice jxinetions, in order for the antisense viruses to retain as 
much other gone fimctions as possible. The involvement with fewer genes 
minimizes the complexity for gene complementation by the complemental 
gene expression vectors. 

Thirdly, the inversion should be between, but as close as possible 
to, two unique restriction enzyme sites in order for the construction of 
antisense clones to be convenient and easy. The two unique restriction ■ 
enzyme sites can be either naturally existing or recombinantly created. 
In the case of antisense HIV-^l proviral clones, the chosen unique 
restriction sites are Sail and EcoNI, both of which occur only once in 
the whole plasmid pXE. The inversion is ri^t before the EcoHI site but 
4 bps after Sail site only to spare the vpr stop codon (TAG) . 

The sequences involved are 100% homologous between HIV-1 clones EXB2 
and KL4-3 . The coding regions, however, are different. In HXB2, the 
sequence consists of 35-bp non-encoding area located between vpr and tat 
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(aftQr 'the stop codon of vpr and before the Initiation eodon of tat). Of 
note is that the vpr in this clone is believed to have been trtincated and 
rendered functionless. The inverted 171 bps sequence further consists of 
136-bp in the tat-1 open reading frarae vhere the first 45 amino acids are 
encoded. Including all seven cysteine residues in 7AT protein. As a 
result of the inversion, the following 27 amino Qcids of TAT»1 (#46-72) 
are qIso eliminated because of the frame-shift and the loss of initiation 
codon. In total, the 72-&mino*acid TAT-1 protein is not made. In clone 
S7L4-3, the coding for tat->l is the same as but the carboityl 

terminus of vpr esctends S5 bps into the inverted region, including a 
20-bp overlap vith tat-1. Vpr in clone NL4-3 is believed to be intact 
and functional. The two splice junction sites [splice donor (sd) and 
splice accepter (sa) are often collectively referred to as splice 
junctions] immediately before and after the area are not affected by the 
inversion « The inverted area, after transcribing into mRMA, is able to 
bind and block the natural HIV-1 mRNA specifically and effectively. 

it it <r 

An antisense virus proviral molecular clone is constructed from a 
functional proviral molecular clone of a naturally occurring virus by 
inverting ("turning antisenae") a section (i.e., part or all) of one or 
more genes. The inverted section of a selected gene is referred to as 
the antisense fragment" herein. To be eligible for selection, the 
naturally occurring gene must meet two prerequisites. First, this gene 
must be required for the naturally occurring virus to replicate; and 
second, the gene must encode a protein product which is transact! vating. 
Other genes are usually not affected during the antisense proviral 
molecular clone construction. In choosing the sequence of a gene to be 
inverted, special attention is paid to the gene involved and to its 
relationship to neighboring genes. 

The sequence inversion can be accomplished by conventional 
recombinant technologies. A new strategy, however, has been developed to 
construct any antisense virus proviral molecular clone easily and 
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precisely. Recostbinant polysaeraoe chain rQaction (r-PCR or PGR) 
technology is exaployed. ^e PGR technology is knoim to those skilled in 
the art. See U.S. patents 4,683,195 and 4,983,726 hereby incorporated by 
reference. The strategy of the sxibject invention (applicable to other 
viruses as %fell as HIVl) eoaqprises the steps of: 

1) Inserting DMA encoding a naturally occurring virus into a DMA 
cloning vector. Holecular cloning vectors such as plasmids (including 
phagemids), bacterial phage lambda and cosmids, are useful as cloning 
vectors . 

2) Selecting a section of the viral DNA to be inverted. The 
selected section of the viral DNA is part or all of a gene that encodes a 
transactivating protein product which is required for the naturally 
occurring virus to replicate. The selected section of the viral DNA is 
flanked by a unique restriction enzyme site A at its 5' end and by 
another \xnique restriction ensyme site B at its 3* end. The unique 
restriction enzyme sites A and B are either naturally existing or 
recombinantly created; 

3) Carrying out a polymerase chain reaction, using the selected 
section of the viral DNA as the template, ^nd two specially designed 
-antisense primers" that target the selected section (in practice, the 
whole vector containing the whole proviral genome is typically used as 
the template - there is no need to isolate the selected section in view 
of the primers used). Antisense Primer 1 comprises at its 3' half a 
portion of DNA complementary to the 5' end of the selected section of the 
viral D2«A, and at its 5' half a portion of DNA containing the unique 
restriction enzyme site B. Antisense Primer 2 comprises at its 3' half a 
portion of DNA complementary to the 3' end of the selected section of the 
viral DNA, and at its 5' half a portion of DNA containing the unique 
restriction enzyme site A. The PGR amplification product (the "antisense 
fragment"), when aligned with the naturally occurring sectior. of the 
viral DNA, is antisense to the latter between the two unique restriction 
enzyme sites A and B; 
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4) Digesting the vector c ntaining the naturally occurring viral 
DNA with restriction enzynes A and B to relQase the selected section of 
DMA; 

5) Digesting the FCR omplifieation product t/ith restriction enzymes 
A and B to release the anti sense fragment; 

6) Li gating the antisense section of DMA into the vector in place 
of the selected sense 'section of DKA; and 

7) Isolating smtisenae virus proviral molecular clones by standard 
procedures of transforming appropriate strains of cells such as £. coli 
followed by colony screening. 

See also Example 1. 

Construction of Antisense EIV-2 Proviral Clones 

Methods similar to those used above with HIV-1 are employed to 
construct antisense HIV-2 proviral clone(s). The construction starts 
with an infectious HIV*2 plasmid clone named pSE (Hu W et al. Virol. 
173:624*630, 19S9) . A similar FCR strategy is applied to turn over the 
fragment between nt 5793 and nt 6062 totaling 270 bp in length (numbering 
according to Guyader M et al. Nature 326:662-669, 1987)* This area 
covers the 3' portion of vpr and 5' portion of tat-1. Because HIV-2 VPR 
is dispensable for replication and cytopathogenicity (Dedera et al., J. 
Virol., 63:3205-3208, 1989), only TAT function has to be provided for the 
production of antisense BIV-2 viruses. 

Construction of Antisense SZV Proviral Clones 

Similarly, the construction of antisense SIV proviral clone(s) 
starts with full-length infectious SIVmac plasmid clone p239F (Kestler, 
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et al. Science 248:1109-1112, 1990) or pK102 (mederman et al. J, Virol. 
65:3538-3546, 1991). Similar PGR strategies are utilized to turn over 
the fragment between nt 5751 and nt 5988, totaling 238 bp in length 
(numbering according to Cheikrabarti et al. Nature 328:543-547, 1987). 
This area also covers the 3' portion of vpr and 5' portion of tat-1. 
Because SIV VPR is probably dispensable for replication and 
cytopathogenicity, only TAT function has to be provided for the 
production of ontisense SIV viruses. 

Construction of Antioense Proviral Clones of Other Retroviruses 

The construction strategies for anti sense proviral clones presented 
herein apply to all retroviruses. The genes which can be turned 
antisense, partially or wholly, include all those with transactivation 
activity. Exaxnples are as follows: 

Tax and rex genes of human T-lympho tropic viruses (HTLV-l and HTIiV-2) 
and of bovine leukemia virus, 

S gene of Visna Virus, 

SI and/or 32 genes of Equine Infectious Anemia Virus (EIAV) 

(see SJ O'Brien ed. Genetic Haps, locus maps of complex genomes, 5th 
edition, book 1, viruses, CSE, 1990). 

For the oncogene-^containing oncoviruses (acutely transforming 
viruses, ATVs), the oncogenes contained, partially or wholly, are 
selected to be turned antisense. 
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Construction of Antis@ns® CIoneB of Other Viruses 

Th© antisensG virus strategies also apply to viruses which contain 
DNA (not UNA) in their virions, provided that the virus at iaaue has one 
or aore genes whose translation products are transactivatlng hence whose 
inactivation by sequence inversion can be conpaniuated by gene products 
provided by a gene^escpression vector (conplemental esspresslon vector) « 
and that a cell culture system is available for making an antisenae virus 
producer cell line. Examples of these viruses and the genes which can be 
turned anti sense are: 

X gene of hepatitis B virus, 

ElA genes of adenoviruses, 

E2 genes of papillomaviruses, 

T genes of simian virus 40 and of polyomaviruses, and 

genes encoding alpha proteins of herpes viruses 

(see SJ O'Brien ed. Genetic Maps, locus maps of complex genomes, 5th 
edition, book 1, viruses, CSH, 1990). 

* « * 



AKTISEMSS-RIBOZIHE VIRUSES 

Antisense-ribozyme viruses are the same as anti sense viruses but 
include one or more ribozymes in the antisense 8equence(8) which cleave 
mRNA of the naturally occurring target virus. 

The sequence inversion in the aforementioned HIV-1 antisense clones 
involved 171 base pairs. The sequence included 3' vpr (with pNL) and 5' 
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tat, vhere It covors the initiatl n methi nine codon and all seven 
cyst®in® codons of tat gene. It Is possible to form stable cociplexes 
between the anti sense RKA and the tat mRNA to block the latter from being 
translated into TAT protein. However, the formation of RNA complexes 
does not mean the destruction of the RNAs. On the contrary, the complex 
formation may provide protection to the tat mRNA against degradation in 
vivo. Ribozyme catalytic sequences incorporated into the antisense X^As, 
however, are able to devitalise the bound mRNA molecules by cleaving them 
into pieces. The combination of antisense strategy with the ribozyme 
strategy magnifies the antiviral capability of the artificial viruses. 

Ribozymes are RNA molecules that catalyze RNA cleavage [Cech, 
Science 236, 1532-9 (1987); Uhlenbeck OC. , Nature (London) 328, 595-600 
(1987) ; Forster et al. Cell «, 211-220 (1987)], i.e., ribozymes are KNA 
that cut PNA. The simplest of the catalytic motifs of ribozyme is the 
autocleavage domain of certain plant pathogens (vlroids) and viral 
satellite RKAs (virusolds) called the hammerhead (Forster et al. Cell 49, 
211-220 1987). Some other forms from the continuously expanding list of 
ribozymes are those associated with the self-splicing large ribosomal RHA 
intron of Tetrahvraena . the Ml RNA component of the Escherichia eoli RNAse 
F enzyme, and another type of self -cleavage domains of plant viroid and 
virusoid RNA, the "hairpin" (Rossi JJ et al. AIDS Research and Human 
Retroviruses 8:183-9, 1992). The hammerhead consists of three stems and 
a catalytic center, all containing 13 conserved nucleotides: 

5 ' GAAAC(N)nCSUX(H)nCUGA(N)G;A3 ' 

3'5' 

Catalyst Strand — > N-N < — Substrate Strand 

N-N 
N-N 
C-C 

A-U Cleavage Site 
A X / 
A NNNNNN3' 
N G NNNNNN5* 

N NNNNN C 
N NNNNN U 
NAG 
G A 
N 
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Ribozymes, like protein enzyme^, require specific structures for 
their catalytic activity. Natural catalytic centers may be formed by 
contiguous regions on the RNA or by regions separated by a large nuaber 
of nucleotides. Cleavage by hammerhead ribosyme occurs 3* to the CUX 
triplot where X can bo U, or A, generating 2', 3 '-cyclic phosphate and . 
5* hydroxyl termini. The essential constituents of the hammerhead can be 
on separate molecules, vith one Btrand serving as a catalyst and the 
other as a substrate. HKA sequences containing only the conserved 
cleavage domain (GUX) can serve as compatible substrates (Sarver, et al. 
Science 247, 1222-5 1990). Ribozyraes have been attempted, with successes 
to various extent, as potential therapeutic agents for acquired 
immunodeficiency syndrome (AIDS) against gag (Sarver, et al. ibid), 
integraae (Sioud et al, Proc Natl Acad Sci U S A 88, 7303-7, 1991); vif 
(Lorentzen et al. Virus Genes 5, 17-23, 1991); and other sequences 
(Goodchild ©t al, Arch Biochem Biophys 284, 386-91, 1991). Ribozyraes 
cleavage activity can be directed to cut very specifically pre-determined 
sequences on RNA molecules, both in cell-free system and within the 
cells, by the flanking RNA sequences which are antisense to the 
ribozyme's target, i.e., a ribosyme relies on antisense sequences to 
locate its positions of cutting. The antisense sequence binds to the 
mRKA and the ribozyme cuts the raRNA. 

Construction of Antisense-Ribozyme HIV-1 Proviral Clones 

The addition of RNA cleavage activity of ribozymes to increase the 
antisense virus's ability to neutralize a naturally occurring virus was 
accomplished by incorporating one or more of the 22 -nucleotide- long 
catalytic domains, containing the consensus sequence, into the antisense 
sequences. The ribozyme (s) will cut the tat mRNA at 3' to the triplets 
CUX (X = A, C or U) which occur eight times in the area that has been 
turned antisense. While three of the GUX have actually been chosen, any 
one of them is potentially a target site for ribozyme cleavage. The 
designing procedure is illustrated as follows: 

The original sequences between nt 5775 and 5986 of pX are as below. 
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The bold- typo &r®a is vhere the inversion occurs « 



5774 HXB2VPR<~| 5795 |— >TAT 

I Vsa I I I 

Q N W V S T * 
RIGCRHSRIGVTRQRRARHGA 

N E P 

WLVPR<- I 
I 

GZAGATCC^AGAC£AGAOCC^TOGAAGCA!C^^ 
S R 5 * 

VDPRLEPWKHPGSQPKTACTNC 

5965 

I 

aaTTGTAAAAACTCTgGC^^ 

yCKKCCFHCQVCFIT KALGIS 
|~>REV 5986 
I Vsa I 

ATGGCAGG AAGAACCGGA-3 ' 
M A G R S G 

y G R K K R 

Below is the sense version o£ the doxible- stranded DNA sequence: 

5774 HXB2VPR<— | 
I Vsa I 

CAGAATTGGGTGTCOACATAGCAGAAXAGCaOTACICG 

gtc 1 1 a ac c c a caqcto tatc gtcttatccgcaatgagc tgtctcctctcgttctttaccteggt 
Sal *I 

GTAGATCCnrAGACnrAGAGCCCXGGAAGCA!^^ 

catctaggatctgatctcgggaccttcgtaiggtccttcagtcggattttgsLcga&catggttsisic 

catfflacattt'ttcacaacqaaacrtfflacqqttcaaiacaaaqtattcytt'ttccyqaatccqtaq aqqa 

£ c 

|~>REV 5986 
I Vaa I 

ATGCC AGG AAGAAGCGGA- 3 * 
taccstccttcttcgcct-5 ' 
o - N I 

Below is the sense version of the RNA sequence, with all GTX 
underlined. 
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CAC3AAUUGGGUGUCGACAUAGCM5AAU2UX»nroACaC^^ 

AUOGCAGGAAGAAGCGGA-3 * 

Below is the antisense version of the DKA sequence in antisense 
proviral clone pXE-a: 

5774 HXB2VPR<— | 
I Vsa I 

CAGAATTGGG TGTCGACA TAGagatgcctaaggcttttgttat gaaaeaaa cttgg caa t gaaa g 
otettaaecca caactq tatcTCTACGGACTarGAAAACAAXACMTO^ 
Sal -I 

caacactttttacaatagcaattggtacaagcagttttaggctgacttcctggatgcttccaggg 
GITCTGAAAAATGIXATCCnTAACCAXGITCGIC^ 

ctctagtctaggatctactggctccatttcttgctctcctctgtcgagtaacgcctattctgCCT 
GAGATCAGATCC^GATGACCGACGXAAAGAACCAGAGGAGACAGCTC^^ 

E c 

|~>REV 5986 
I Vsa I 
ATGGCAGG AAGAAGCGGA-3 * 
taccstccttcttcgcct-5 ' 
o - N I 

and below is the antisense version of the RNA sequence: 

CAGAAUUGGGUGUCGACAUAGAGAUGCCUAAGGCUUUUGinrATOAAACAAACUUGG^ 

CAACACUUUUaACAAUAGCAAtTUGGCJACAAGCAGai^ 

CUCaAGOCUAi^AUCmACDGGCUCCAXTUUaT^^ 

AUGGCAGGAAGAAGCGGA-3 ' 

When the antisense HKA encounters the natural (sense) tat mRMA, it 
will bind the natural (sense) tat mRNA and block the translation of tat 
foRNA into TAT protein. 

« <t 

CAGAAUUGGGUGUCGACAUAGAGAUGCCUAAGGCUmnK?tmAXK;AAACAAACmJGGC^^ 

IIIIIIIIMIIIIillMIMIIIIIilMlllllllilllll 

ACGCGAAGAAGGACCCUAUCCUaJACGGAUUCCGAAAACAAUACUyyCUI^ 

« * * * 

CAACACUUUUUACAAUAGCAAXTUGGUACAAGCAGUUUUAGGCUGAC^ 

IIIIMIIIIIIIIIIIMIIMIillMIIIIIIIIIIIIIMIIIIIIIIIIIIIMIIIIII 

GUUGUGAAAA^UGimAUCGUUAACCAUGUUCGUCAAAAUCCGACUGAAGGACCUACGAAGOT 
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COOTAC^ 

CACAUCACAUCCUAGAUGACCGAGGUAAAGAACGAGAroAGACAGCTCAUUGCGGAUAAGACGA^ 

AUGGCAGGAAGAAGCGGA-3 ' 

ACAGCPGUGGGPUAAGAC-5 ' 

Upper Line: Anti sense RNA sequence, written 5* — >3'; 
Lower line: Natural soBNA sequence, written 3' — >5*, with 

all potential ribozyme cleavage sites 

underlined. 

A 22-base catalytic domain, 5'-CUGAUGAGGCCUGAUGGCCGAA-3' , or in the 
secondary structure form of 



G A U 
U GGCC G 

A CCGG A 

ecu 

U A 
C A 



can be fixed into the anti sense sequence to replace any one or more of 
the nucleotides indicated by a on top. The ribozyae ^^ill thus be 
targeted to cut the sense RNA 3' to the triplet •'GTX- where "X" stands 
for -A", "G" or ''U". 

See Example 3 for a detailed description of construction of ribozyme 
proviral clones. 
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Construetiion of AnUsensQ-Ribosyrae HZV-2 Proviral Clonaa 

h ribozym® e&talytic soquone© c&n also bo Incorporated iato the 
smtisens® elone to eloave (StnJ) the tst oRNA at any on® or store 
positions of 5883-5885 (GDC), 6011-6013 (GUh), 6032-603^ (GUC), and 
6041-6043 (GCJD) . H&ese are the four GUX positions in the eirea to be 
turned antisense (nt 5793-6062 )« 

Construction of Antisense-Ribozyme SIV Proviral Clones 

h similar ribozyme sequence can also be implanted to the antisense 
SZV proviral clone (s) to target mRNA at positions 5767-5769 (GUA) or/and 
positions 6063-6065 (OUU). The 5767-5769 GUA triplet is 16 bases before 
the tat initiation codon* The cleavage, however, deprives the tat mRNA 
of leading sequence necessary for its translation into protein. The 
6063-6065 GUU sequence is at SZV tat amino acids 59-60. 

Construction of Antisense-Ribozyme Viral Clones of Other Viruses 

The same or similar ribozyme sequences can also be fised into other 
antisense viral clones wherever a "GUX** triplet is present in the sense 
xnRKA sec[uences« 

CO^ARXSONS OF NATURAL, ANTZSEN5S AND 
ANTXSENSE-RZBOZYME HlV-1 MOLECULAR CLONES 

A, Natural (Wild Type) HZV-1 Clones (pXE or pX or pNL4-3) 

1. Contain intact LTRs, gag, pol, env, vif, vpr, tat, rev, vpu, nef 
genes. 

2. Replication competent: produce normal virions. 
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3. Infectious: virions carry on thair onvel po BiQsbrcmQS n rmeil 
gpl20 and gp^l. C^120 is capable of attaching to CD4 saoleculQS (act as 
receptors for the viruaes) and introducing the virion contents into the 
cells. 

4. Pathogenic: viral cotaponents are synthesized, virions assembled 
and ejcported, resulting in the death of host cells. 

5. Cause Illnesst mainly because of CD4(-e-) lymphocyte depletion and 
subsequent opportunistic infections and tumors. 

B. Antisense HIV*1 Molecular Clones (pXE-a & pXE-b) 

!• Contain intact LTRa, gag, pol, env, vif, vpr, vpu genes. A 
portion of tat-1 gene is inverted. Rev is either intact (pXE-a) or 
abraded (pXE-b). 

2. Replication impaired, but can be complemented by transactivating 
factor tat (and rev for pXE-b). In the existence of tat (and rev) 
protein to provide necessary regulation, replication capability is 
restored, though may i?ot necessarily be complete. Virus particles can be 
formed vhich are othenfise normal es&cept carrying inverted tat*-l sequence 
(and the mutated rev initiation codon) . 

3. The assembled virions are infectious in that they can bind to 
CD4 molecules/ can be taken up by CD4(-)') cells, be reverse-transcribed 
into double* stranded DHA, be transported to the cell nucleus, and be 
integrated into the cellular genome « In the event that the cells are 
activated and dividing, the integrated proviral sequences will also be 
copied into each daughter cell along with the cellular DHA. In the 
absence of the essential tat (and rev) protein(s), however, the proviral 
sequences cannot produce virus particles. 

4. These replication- impaired HIV-1 derivatives are non-pathogenic. 
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5. !rhey c&xm t asik® people ill. 

6. In the presence of tat (and rev) proteln(8), provided either by 
©Kpresaion vectors or by naturally infecting HIV-1 viruses, the inert 
provirus can be re^activsLted; the provirus can be transcribed into soRKA 
and translated into proteins with the exception of tat and, in some 
cases, vpr and rev. 

7. Xhe expressed antisense tat RKA can bind and inactivate the 
natural sense tat aRKA, consequently inactivating the natural viruses. 

C. Antisense-Ribozyme HIV-1 Molecular Clones (pXE-ar, pXE-br) 

1. Contain intact LTRs, gag, pol, env, vif, vpr, vpu genes. A 
portion containing tat-1 is inverted and one or more ribosyme -catalytic 
domains have been inserted in such portion. The rev gene is either 
intact (pXE-ar) or inactivated (pX£-br). 

2. Replication impaired, but can be complemented by transactivation 
factor, tat (and rev for pXE-br). In the existence of tat (and rev) 
protein to provide necessary regulation, replication capability are 
restored, though may not necessarily be complete. Virus particles can be 
formed which are othesrwise normal except carrying inverted tat-1 sequence 
and one or more ribosyme catalytic domains (with mutated rev initiation 
codon in pXE*br) • 

3. The assembled virions are infectious in that they can bind to 
CD4 molecules, can be taken up by CD4(-t'} cells, be reverse-transcribed 
into double- stranded DNA, be transported to the cell nucleus, and be 
integrated into the cellular genomes. In the event that the cells are 
activated and dividing, the integrated proviral sequences will also be 
copied into each daughter cell* In the absence of the essential tat (and ^ 
rev) protein(s), however, the proviral sequences cannot produce the 

virus particles. 



-38- 



wo 94/03596 



PCr/US93/07179 



Hon-^path genie. 

5. Thoy cannot sake people ill. 

6. In tliQ prQsoncQ of tat (and rev) prot®in(B), provided either by 
e::pression vectors or by naturally infecting BIV-1 viruses, the inert 
provirus can be re*activated; the provirus can be transcribed into mRNA 
and translated into proteins with the exception of tat and, in some 
cases, vpr and rev. 

7. The expressed anti sense tat RNA can bind and inactivate the 
natural sense tat aiRKA. Moreover, the tat mRNA is cut into pieces by the 
incorporated ribozyaes. Consequently the natural viruses is eliminated. 

Antisense/Ribozyme Clone Functionality Tests 

1. The natural HIV-1 clone, pX or pXE, when transfected alone^ 
produces viruses which replicate rapidly as indicated by RT (reverse 
transcriptase) activity, viral protein detection, syncytium formation, 
and cell killing - positive control. 

2« The antisense/ribosyme recorobinamt clone(s), when transfected 
alone, do not produce virus, as indicated by background RT activity, no 
syncytium formation, normal cell growth. 

3. An antisense/ribosyrae clone produces viruses if co-transfected 
with a positive TAT-eKpression clone, or if transfected into cells 
constitutively expressing TAT protein, as indicated by raised RT 
activity, viral protein detection, possible syncytium formation, possible 
cell killing. 

4. Supernatant from cultures co-transfected with an 
antisense/ribozyme clone and a TAT^-expressing clone contains virus 
particles (EM visible, RT activity, p24 ELISA, etc,)- 
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5. Virus particles contained in the co-transf acted supernatant can 
be taken up by 004(4-) cells. 

If the cells contain TAT, new viruses are produced as indicated by 
RT, p24, and cytopathagenesio. 

If the cells do not contain TAT, they will grow normally, even 
though the antisense/ribosyme proviral sequences might have integrated 
into the cellular DMA. 

6. An antisense/ribozyme recombinant clone co<-transfected with a 
natural clone results in a period of time during which both clones are 
replicating as indicated by a considerable rise of RT activity, viral 
protein detection, syncytium formation, even cell killing. After that 
period of time, however, RT drops gradually, syncytia disappear, and 
cells grow normally. 

7. If both supematants from natural clone-transf acted. culture and 
antisense/ribosyme recombinant c lone- transfec ted culture is used to 
infect normal CD^'^ cells, infection occurs and production of virus occurs 
briefly, then the cells gradually return to normal with the viruses 
eliminated. 

6. Virus particles can be purified from cell cultures 
co-transfected with a antisense/ribosyme proviral clone and a 
TAT'-expression clone. 

9. Introduction of purified antisense/ribozyme viruses into cell 
cultures producing natural viruses results in gradual decrease and 
eventual cessation of natural virus as well as antisense/ribozyme virus 
production. 

10. When purified antisense/ribozyme virus particles are 
administered to patients infected with HIV-1, virus production decreases 
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gradually and Qventually ceases. 

Individualization of Antlsenae/Rlbozvme Viruses 

Individualization of an ontisenae/rlbozyao virus is achieved with an 
individualized ontioense/ribosyae proviral clone. An individualized 
antlsense/ribozyoie proviral clone is constructed by replacing a selected 
section of a gene of an existing functional proviral clone with an 
individualized antisense/ribozyme fragment. This individualised 
antlsense/ribozyae fragment is synthesized in a single PCR reaction, 
using as the texnplate the nucleic acid apeciraen from a particular patient 
which contains integrated or unintegrated viral sequences. The 
antlsense/rlbozyrae primers are the same as detailed above. The FCR 
products are used to replace the corresponding section of a gene in the 
existing proviral molecular clone. The resultant recombinant clone has 
an individualized antlsense/rlbozyme fragment which, when escpressed into 
RNA forms a perfect duplex with (and in the case of an antisense rlbozyme 
virus - cleaves the mRNA of) the particular virus strain infecting the 
particular patient. With individualization of antlsense/rlbozyme virus. 
It is only necessary to individualize the antlsense/rlbozyme fragment. 
The other components of the viral genome are those of any existing 
functional virus clone available. 

Individualization for treatment is a distinct advantage of the 
subject invention. Mutation permits the AIDS virus to escape and finally 
destroy the htuaan Immune system. Individualization of antlsense/rlbozyme 
viruses is an effective way to neutralize the mutating AIDS viruses. 

The individualization method discussed are applicable to HIV-1, HIV-2 
and SIV viruses as well as other viruses (as discussed above). 
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ComplQinental Gqhq EroreBsion Vect rs 

The antisense/ribosyae aolecular clones, sis raontionad cibove, cannot 
replicate on their oim. 2n the case of HIV, when the antisense/ribosyme 
clones are transfectQd into cells, the cells do not snake viruses because 
the clones are missing the tat (and rev) gene £unction{B). For the cells 
to be able to aake viruses, the cells must provide tat (and rev) gene 
protein(B) which are necessary for, but are not produced by, the 
antimense/ribosysae clones. Gene*e«pression molecular clones have 
therefore been designed to provide tat, optionally rev and vpr, functions 
which are missing from the antisense/ribozyme clones because of sequence 
inversion. pX and pNL are used for the construction of gene-expression 
clones. 

One of three following methods is employed. 

The first method is to truncate major genes of HIV-1 except tat, rev 
and vpr (which overlap with each other). In practice the coding region 
for env is also kept intact along id.th the long terminal repeats (LTRs). 
The truncated clone, when introduced into cells, expresses tat and rev 
which trans-activate the antiaenae/ribosyme clones. Env and vpr proteins 
also are expressed which can help the antisense/ribosyme virus assenibly. 

The second method is to insert the tat (and rev as well) coding 
sequences into gene expression vectors driven by promoters from sources 
other than HIV-1. 

The third option is to insert chemically synthesised tat-coding DNA 
sequence into one of the many gene expression vectors commercially 
available. Many gene-expression vectors are commercially available for 
expressing a cloned gene in mammalian cells. Such gene-expression 
vectors are described in detail in at least two laboratory manuals 
(Sambrook J, Fritsch EF & Maniatis T. Molecular Cloning, a laboratory 
manual, second edition. Cold Spring Harbor Laboratory Press, 1989, 
chapter 16; Kriegler M. Gene transfer and expression, a laboratory 
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manual, Stockton press, 1990, chapter 2). The choice of a vector is 
based on the gene to be esspressed and the host cells in xfhich the gene 
will be QKprossed. For osspressing HIV-1 TAT (and REV) proteins in CD4+ 
cell lines of human origin, for example, a retrovirus long terminal 
repoat (LTR) -driven genQ-Q5:proBsion vector can be used (Rosen CA et al. 
1986. J Virol 57:379-354; Vickers T et al. 1991. Nucleic Acids Res 
19:3359-68; Rhodes A £ James W. 1991. AIDS 5:145-51). An advantage of 
using HIV-1 LTR-driven gene-expression vectors to express HIV-1 TAT 
protein (Guyader M ot al. 1987- Nature 326:662-9) is the reciprocal 
augmentation of the transcriptional activation and the gene-expression 
product- Other promoters which have been used to express HIV genes are 
SV40 regulatory sequences (Arya SK et al. 1985. Science 229:69-73; Dillon 
PJ Gt al. 1991. J Virol 65:4490-3), Drosophila hsp70 promoter 
(Schweinfest CW et al. 1988. Gene 71:207-10), SR-a (Mallon R et al. 
1990. J Virol 64:6282-5). 

For selecting only the expression- vector-containing cells, neomycin 
resistance gene expression cassettes are inserted into the expression 
vectors. With the inclusion of antibiotic G418 in the culture medium, 
only those cells transfected with Neo(r) gene (together with HlV-1 tat 
and other genes) survive, assuring that every cell in the culture has the 
capability to support the making of antisense/ribozyme viruses. 

All principles and methodologies presented for constructing the gene 
expression vector clones apply to HIV-2, SIV and other viruses as well as 
to HIV-1. Examples of construction of these vectors are shown in the 
Examples 5-7 below. 

Antisense/Ribozyme Virus Producer Cell Lin es 

Transfection of either an antisense/ribozyme proviral clone or a 
tat-expression vector alone into cells does not result in the production 
of antisense/ribozyme virus. It is necessary to introduce both the 
antisense/ribozyme proviral clone and the tat-expression vector into the 
same cell in order for the antisense/ribozyme virus particles to be 
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made* Practically, a tat-esprassion vector can be transf ctad Into a 
c®ll line (Jurkat for example), selected by including G418 in the culture 
medium, tested for the production of tat and other proteins, then kept in . 
cell culture or frozen for later transfection of the antisense/ribosyme 
proviral clonQs, It has been shown that the Jurkat cell line can be 
stably transftscted with si plasmid that constitutively e^cpresses antisense 
tat RNA even after eight months in cell cultures (KostR et al, Clin Res; 
38(2):278A, 1990). It can be expected that the same cell line will also 
be able to be stably transfected with a plaamid that constitutively 
expresses sense tat RNA (mRHA) and protein. 

Advantageously, the antisense/ribozyme virus producer cell lines for 
HIVs are CD4'^ and of human origin. CD4 positivity ensures that, once the 
cell line has been engineered to constitutively express TAT (8uid/or 
other) protein, the antisense/ribozyme virions released from one cell 
will be capable of infecting other cells in the culture, enabling quick 
production of large quantities of antisense/ribozyme virus stocks. Human 
origin of the producer cell lines minimizes the possibility of provoking 
adverse immunoreactions by the antisense/ribozyme inocula. 
Advantageously, the above mentioned Jurkat, a 004-*- lymphoid cell line 
frequently utilized to express HIV-1 genes (Venkatesh LK et al. PNAS 
87:8746-50,1990; Maitra RK et al. Virology 182:522-33, 1991), will be a 
good choice as an antisense/ribozyme virus producer cell line. Other 
CD4+ lymphoid cell lines such as H9, HUT78, MT4, CEM, M0LT4, and 
monocyte/macrophage cell lines such as U937, THP-1, AND OCT, frequently 
used in HIV-1 transfection experiments (Aldovini A & Feinberg MB. 1990. 
Transfection of molecularly cloned HIV genomes, in Techniques in HIV 
Research, A. Aldovini & BC Walker, eds, Stockton Press, ppl47-175), are 
useful for HIV-1 antisense/ribosyme virus producer cell lines. Some 
adherent cell lines, that are normally not susceptible to infection yet 
capable of expressing HIV genes and producing virus upon transfection, 
are regularly employed in studies of HIV gene regulation (ibid). The 
HeLa cell lines, for example, either CD4- negative (Mallon R et al. J 
Virol. 64:6282-5,1990) or better CD4-positive, HeLaCD4 and HeLaT4+ 
(Schroder HC et al. FASEB J 4:3124-30, 1990) can be used for HIV-1 
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an'tlQenBe/rlbosyme virus producQr coll lines. The 293 human ombryonic 
kidney cell line, i:rhich supports high levels of expression of HIV 
tr&ns-aetivation (Jakobovits A et al. EMBO J 9:1165-70, 1990), is another 
good host eell line« 

For producer antisenae/ribosyme virions for other viruses, other 
cell lines are chosen according to considerations knoim to those skilled 
in the art. 

Cell line transfected with one of the HIV-1 tat-eicpreBsion vectors 
are cultured in medium supplemented with antibiotic G418, and the 
surviving cells are tested for the production of HIV-1 proteins, 

pX-CSneo transfected cells express vpr, tat, rev, and env proteins; 
while pX-neo transfected cells express no viral proteins. 

SFneo-t/r(-!') transfected cells express tat protein, and possibly rev 
protein; while SFneo-t/r(-) or SFneo transfected cells produce no HIV-1 
protein. 

SFneo-tat('»') transfected cells express tat protein only; while 
SFneo-tat(-} or SFneo transfected cells produce no HIV-1 protein at all. 

If TAT activity is detected (by CAT assay), the transfected cells 
are propagated. Part of the cells are frosen. Another part are passed 
through long-term culture to test the stability of TAT gene expression. 
Cells stably expressing TAT and other proteins are used as 
antisenae/ribosyme virus producer cells and are transfected with BIV-1 
antisense/ribozyme clones. The doubly transfected cells are assayed for 
the production of HIV-1 viruses (antisense/ribozyme viruses). P24 ELISA, 
RT activity and electronic microscopy are employed to detect the presence 
of the viruses. 

If the cells are producing the viruses, the conditioned medium 
(containing virus particles), optionally concentrated, is used to infect 
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CD4( + ) cella (H9, Molt-3, CEM, U937, etc.) and the production of progeny 
virusQs is QSsayQd. 

Wh©n a cell line is transfected with an HIV-2 or SIV TAT-QxprGssion 
vector, it becomes an antioense/ribozym© virus producer cell line for 
HIV-2 or SIV. 

Compositions of the Invention 

Also comprehended by the invention ere pharmaceutical coxopositions 
comprising therapeutically effective amounts of products of the invention 
together with suitable diluents, preservatives, solubilizers, 
emulsifiers, adjuv&n'ts sind/or carriers useful in antiviral therapy. A 
"^therapeutically effective amount** as used herein refers to that amount 
which provides a therapeutic effect for a given condition and 
administration regimen, Where a product of the subject invention is used 
as a prophylactic medicine, a therapeutically effective amount is that 
amount which prevents infection. 

The compositions of the invention are liquids, gels, ointments, or 
lyophllized or otherwise dried formulations and include diluents of 
various buffer content (e.g., Tris-HCl., acetate, phosphate), pH and 
ionic strength, addi'tives such as albumin or gelatin to prevent 
adsorption to surfaces, detergents (e.g., Tween 20, Tween 80, Fluronic 
1*68, bile acid salts), solubilizing agents (e.g., glycerol, polyethylene 
glycol), anti-oxidan'ts (e.g., ascorbic acid, sodium me tabi sulfite ) , 
preservatives (e*g., Thimerosal, benzyl alcohol, parabens), bulking 
substances or tonicity modifiers (e.g., lactose, mannitol), covalent 
attachment of polymers such as polyethylene glycol to the protein, 
complexation with metal ions, or incorporation of the material into or 
onto particulate preparations of polymeric compounds such as polylactic 
acid, polyglycolic acid, hydrogels, etc. or into liposomes, 
microeraulsions, micelles, unilamellar or multilamellar vesicles, 
erythrocyte ghosts, spheroplasts, skin patches, or other known methods of 
releasing or packaging pharmaceuticals. Such compositions will influence - 
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the physical state, golubllity, stability, ratQ o£ in vivo reloase, and 
rat<st of i|i vivo clQaronce of the antisense and/or antisenso-ribozyraa 
virusQs. The choieo of cosiposition will depond on tho physical and 
chemical properties of the antisense and/or antisense-ribosysie viruses. 
Controlled or sustained releaee compositions include formulation in 
lipophilic depots (e.g., fatty acids, ifaxes, oils). Also comprehended by 
the invention ore particulate compositions coated vith polymers (e.g., 
poloxamers or poloxamines) . Other embodiments of the compositions of the 
invention incorporate particulate forms protective coatings, protease 
inhibitory factors or permeation enhancers for various routes of 
administration, including parenteral, pulmonary, nasal, topical (skin or 
mucosal) and oral. 

The invention also comprises compositions including one or more 
additional antiviral factors such as 3' -azidodeoxythymldine (A2T) or 
c :i;:90»ycytidlne (ddC), The administration of anti sense and/or 
anti sense- ribosyme viruses with other antiviral agents, is temporally 
spaced or given together. The route of administration may be 
intravenous. Intraperitoneal siib-cutaneous, intramuscular, topical, oral 
or nasal. 

Anti sense and/or antlsense-ribosyme viruses of the invention may be 
"labelled" by association vith a detectable marker substance (e.g., 
radiolabeled, ensyme labelled, or biotinylated) . 

The following essamples are offered to more fully illustrate the 
invention, but are not to be construed as limiting the scope thereof. 

SsEasple 1: PGR STRATEGY FOR A&^ZSEMSS COB^STROCTIO^ 

A PGR strategy was developed to accomplish the sequence inversion 
(flip*over). For ease in understanding, the amino acid sequences encoded 
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by the DWA is not ahown and th© complomontary DMA strand (negative 
strand, antisense strand, written In small characters) Is shown for the 
DMA sequence of the tat gene to be inverted: 

CAGAATTGGG TGTCGAC ATAGCAGfy^gAGGCC^^ 

gtcttaacccacagctgtatcgtcttffltccgcaatgagctgtctcctctcgttctttacctcggt 
Sal -I 

CTAaA!rcC!l!AGACi:AG^GCC^^ 

catctaggatctgatctcgggaccttcgtaggtccttcagtcggattttgacgaacatggttaac 

gat£iac&tttttcacaacgsieiagtaacggttcaaacaaagtattgttttcggaatccgtaga£C[a 

ATGGCAGGAAGAACCGGA-3 ' 
taccqtee ttettcqcct-5 ' 
Eco-KI 

A special design for the primers (antisense primers) is essential 
for the recombinant PGR strategy to be successful and convenient. 
Basically, each antisense primer comprises two parts which are separated 
in the natural DNA sequences on annealing sequence corresponding to one 
end of the 171-bp fragment to be turned over and a 15-base tail from the 
other side immediately beyond the area to be inverted. The 5' antisense 
primer is to anneal to the negative strand at the beginning of the 
sequence to be inverted, but it has a 15-base tail whose sequence 
corresponds to the 15 bases right after the sequence to be inverted where 
the unique EcoNI site is located. On the other hand, the 3' antisense 
primer is to anneal to the positive strand at the end of the sequence to 
be inverted, but it has a 15-base tail whose sequence corresponds to the 
15 bases right before the sequence to be inverted where the unique Sail 
site is located. In the primers shown below, capital letters represent 
sequence from positive (sense) strand and small letters are used for the 
negative (antisense) strand. 

E c o - N I 
t ct t c ct gcc at aqq 

CAGAA!£AGGCGXTACTCGACAGAG 
CAGAATTGGGT GTCGACA TAGCAGAATACGCGTTACTCGACAGAGGAGAGCAAGAAATGGAGCCA 
gtcttaaccc acagctg t a t c gtc tta tccgcaatgagc tgtc tcctc tcgttc tt tacctcggt 
Sal -I 
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Z c 

g^^'bgt:tttcggmciteegtogai 

o - N I 
AYGGCAGG AAGAAGCOGA-3 ^ 
taccatccttcttcgcct-5 * 

ACAGCrG TCGGT 
Sal -I 



Primers for flip-over PGR ar^ as follows. The ntunbering is of the 
natural proviral sequences. 



Trev 5795, 5* anti sense primer: 

REV< 1 

EcoNI I 

TCT TCC TGC CAT AGG CAG AAT AGG CGT TAG TOG ACA GAG 



TAILrQV( 5980-5966) Annealing sequence (5795-5818) 
SEQ ID N0:1 

TCTTCCTGCC ATAGGCAGAA TAGGCGTTAC TCGACAGAG 39 



Tvpr 5965, 2* antisense primer: 

5960 5952 

VPR< 1 I I 

Sal-I I S a u - I 

TGG GTGTCGACA TAG AGA TGC CTA AGG CTT TXC TTA TG 



TAILvpr(5780-5794) Annealing sequence (5965-5943) 
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SEQ ID NO: 2 

TGCCTCXCCA CATAGAOATC CCTAACGCfT TTCTTATG 38 

The PCR proceduTQ csin be illustratQd qs follotrs. 

Original positive strand of pX, written froa 5' to 3', (SSS) and 
(E£E) respectiyely stand £or Sail site and EcoNI site on positive strand. 

Original negative (antisens©) strand of pX, witten from 3' to 5*, 
(Eisei) and <q®®) r<ssp®etiv<3ly stand for Sail site and EcoNZ site on 
negative strand. 



5' antisonse primer, whose annealing part is of positive strand 
while whose tail la of negative strand with EcoNI (eee) site. 



--*eee+++*"+++++> 



3' antisense primer, whose annealing part is of negative .strand 
while whose tail is of positive strand with Sail (SSS) site. 



-SSS+-S-+ 



Align the antisense primers with both strands of the original pX 
which is to be utilised as tea^late in the recombinant PCR reactions. 

- . . eee^ ^ -^-o- ^-4- > 
+^.+^<.<.++SSS++<-+++++++++++**++++++*+++++++++++++++'*'++++2EE 

gag— ——-———-————-—-—-——•»—— — -—-——- QQ®— —————— — 

< — SSS-*-** 

The PGR procedure can be illustrated as follows. 
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SSS~ — QQQ — — — 

I Penaturatlon 

V 

^ + ^ 4. ^ S S S ^ 4. ^ ^4. if ^ ^ ^ ^ ^•^.■f -^ 4- ^ ^ ^ + ^ <f "^^-^ 4* 



-.----3SS 3Qe---- 

I PGR 

I Annealing 

V 



<— SSS++* 

sss — see 

I PGR 

I Extension 

V 

sss < sss*-*-* 

. . d + ^ + ^ '^'4''^ > -t- -4--^ + + ^ -^-f* "f-f *^ 4> 4> + 4- 4> -f 

— see-- ------ 

1 PGR 

I Second cycle 

V 

sss < SSS+*+ 

SSS <— sss<-++ 

+++EEE — »^ — SSS*<-+ 

sss — » QQe— 

I PGR 

I Third cycle 

V 
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gga < SSS+++ 

Qg0++ +++ + +<. + >++ + +++ +++ + + + + + + + 4.+ + + + + + + + ^+ + + <.+ + + ggg„« 

3SS < SSS-n-* 



+++EEE < SSS+<»+ 

SSS < SSS*++ 



++-fEEE- — < — — SSS-t-e--*- 

— — — < -'SSS+++ 

— eee+++++++++>+++++++++++++++++++++++++++++++++EEE+++<-++++ 
+++EEE— < SSS+++ 

. « • + 4 4 > > -4- ^ *^ '^-•^ <^ 4> 4- 4>4> 4- 4> 4- + 4- 4- 4- 4 + 4- 4- 4- + 4> 4-EEE^ 4 + 

sss — — eee 



PGR 

35 cycles 

The majority of the fragments 
will be 

V 

. . - eee4 4-4- 4>4'<4 4 4 4>4' 4 44-444> 4-4>4>4> 4 4- 4- 4- 4- 44- 4>4-4- 44 +4-4'4> 4-44- 4- 4> 4>S 8 S- 

444EEE------------- — ---SSS++-+ 

To align this fragment with the original strands in term of the 
restriction sites Sail and EcoHI, it will be necessary to turn the PGR 
fragment around. 

Original strands: 

44+44444SSS++444444444444444+4444444444444444444444444EEE+++++++ + 

---SSS QQe-------- 

PGR inverted fragment: 

444SSS > EEE+44 

Sa5444444444444+44444444444444444444<444444444eee 

The actual sequence of the PGR inverted fragment (antisense 
fragment) : 
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5 ' -TGG CTGTCGACA TACagffltgccteaggctttrtgtta^gffiaacasacfetOTcaat gaaag 
3 ' -acee acaactcr tatcTCgaCGGM^!EOCGaAAACa^ 
Sal -Z 

caacact'tt'fctocaatogcQa't'fcggtocsuagcQgfcfc^aggefcgmc^ccfeggsi'tgcrfcte CQg OT 

S e 

ctctagtetoggatctoetggctecat'fctcttgctetcctetgtcgffiQtoacgcctatfeeteSCT 

o - N Z 
ATCGCAGGA AGA-3' 
tacccrbcc ttcfe-S * 

SSQ ZD NO: 3 (ANTZSENSE FRAGSmir) ' 

TGCGTGTCOA CATAGAGATG CCTAAGGCTT TTGTTATGAA ACAAACTTGC 50 
CAATGAAAGC AACACTTTTT ACAATACCAA TTGGTACAAG CAGTTTTACG 100 
CTGACrrCCT GGATGCTTCX: AGCCCTCTAG TCTAGOATCT ACTCCCTCCA 150 
TTTCTTGCTC TCCTCTGTCG AGTAACGCCT ATTCTGCCTA TGGCAGGAAG A 201 

Antisense molecular clones are made by "swappin?** the original 
SalZ-EcoNZ fragment on pXE with the PCR-made SalZ-EcoHI fragment. 



Original strands: 

---SSS QQG 

PGR inverted fragment: 

■fl^^+SSS > EES+++ 

---ss8++'*"*-++++*+'*'+++++-*"^+*+++++++++++++<+++*******'ee©-~ 

I Restriction digestion 
I with SalZ & EcoNZ 
I simultaneously 

V 

™-„«BS Q e 
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+++S SS > E EE+++ 

I Ligation with 

I T4 DWi ligase 

I (Note the bold-type fragaents 

I will be li gated together.) 

4.4"e"9"9"e"e-*o-SSS > SES+<-*++'>++ 

In the antisense proviral clone, the sequence between nt 5774 and 
5986 will become as follows. Note in the f lipped-over bold- type area the 
negative (antisenoe) strand has been linked to the original positive 
( sense ) strand. 

5774 HXB2VPR<~ | 
I Vsa I 

CAGAATTGGG TCTCgAC ATAGagatgcctaaggcttttgttat gaaacaaa cttggcaatgaaag 
atettaaeec acaactcr batcTCTACGGftlTCCGAftAACAATACTXTGl^^^ 
Sal -I 

caacactttttacaatagcaattggtacaagcagttttaggctgacttcctggatgcttccaggg 

ctctagtctaggatctactggctccatttcttgctctcctctgtcgagtaacgcctattctgCCT 

. E C 

I — >REV 5986 
i Vsa I 

ATGGCAGGAAGAAGCGCA-3 ' 
taceqtcc ttcttcacct-5 ' 
o - N I 

During transcription where the positive strand of the 
double- stranded DNA is . transcribed into RNA, the above shown sequence 
will be transcribed into antisense RNA against natural tat inRNA. 

CAGAAOTGGGUGUCCACAUAGAGAUCSCroAACGaroUUGUUAUGAAAC^^ 
CAACACUUinmACAAUAGCAAXnKXTUACAAGC^^ 
CUCTAGUCUAGGAUCOACTOXX^DCXIAUOIJ^^ 
AUGGCAGGAAGAAGCGGA-3 ' 

The antisense RNA will bind complementarily to the natural (sense) 
tat mRNA and block the translation of tat mRNA into TAT protein. 
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IIMIIIillllMlllltllllMlllllllMMIIiliiil 

AGGCGAAGAAGGACGOTAUCCUCUACGCAUUCCCAAAACAAUACOUUCUUUGAACC^ 

lIMIIIIIIMMIIIIiniliiniMIMIIIItllllllllMtMMMMiMliiii 
ctootgaaaUuci^^ 

CTCTAGOCTAGGaUCOACTCGCDCC^^ 

GAGAUCACAUCCU^ 

AUGGCAGGAAGAAGCGGA-3 ' 

ACAGCUGUCGGUUAAGAC-5 ' 

Upper Line; Antisense RNA sequence, written 5' — >3'; 
Lower line: Natural mRNA sequence, written 3' — >5', 

By binding together, the natural mRNA and the antisenae RNA block 
each other from being translated into proteins, resulting in the 
depletion of tat protein, and subsequently all viral proteins, for the 
natural as well as the antisense HIV-1 viruses. 



For eliminating the rev gene at the same time, the rev initiation 
codon was changed into a non- initiation one: 

5962 5980 

Original sequence ATCTCCTATCCCAGGAACA-3 ' 

ScoNI recognition CCTNNNNNAGG 

Rev initiation codon ATG 

Changed to A@G 

Rev(-} sequence ATCTCCTAGGGCAGGAAGA-3* 

New Avrll site CCTACC 

Primers for flip-over PGR are as follows. The numbering is of the 
natural sequences. 
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Trev(-) 5795 (name), 5' antlsense primer 

REV<— I 
EcoNI I 

TCT TCC TGC CCT AGG CAG AAT AGG CCT TAG TCG ACA GAG 



TAILrev-( 5980-5966) Annealing sequence (5795-5818) 
SEQ ID N0i4 

TCTTCCTGCC CTAGCCAGAA^ TACGCGTTAC TCGACAGAG 39 
Tvpr 5965, 3'antlBenBe primer, SEQ ID NO: 2 as aforementioned. 

5960 5952 

VPR<— I i I 

Sal-1 I S a u - I 

TCG G TG TCG ACA TAG AGA TGC CTA AGG CTT TTG TTA TG 



TAILvpr{5780-5794) Annealing sequence ( 5965-5943 ) 



The FOR procedure used was exactly the same as aforementioned. The 
actual sequence of the PGR inverted fragment (antisense fragment) using 
primers Trev(-) 5795 and Tvpr 5965 is as follows- 



5 ' -TGGG TGTCGAC ATAGagatgcctaaggcttttgttat gaaacaaa cttgg caai t gaaag 
3 ' ■ aecca caacter tatcTCIAaXJAITCCGAAAACAATACrrr^^ 
Sal -I 

caacactttttacaatagcaattggtfflcaagcagttttaggctgacttcctggatgcttceaggg 
GTTCTGAAAAATGTTATCGTTAACCATGTTCGTCAAAATCCGACTGAAGGACC^ 

E c 

ctctagtctaggatctactggctccatttcttgctctcctctgtcgagtaacgcctattctgCCT 
GAGATCAGATCCIAGAIGACCGAGCTAAAGAACGACAGGAGACAGCTCATTGCGGAT^ 

o - N I 
AGGGCAGGA AGA-3 * 
tcecqtce ttct-5 * 

SEQ ID H0:5 [R£V(-) ANTISENSE FRAGMENT] 

TGGGTGTCGA CATAGAGATG CCTAAGGCTT TTGTTATGAA ACAAACTTGG 50 
CAATGAAAGC AACACTTTTT ACAATAGCAA TTGGTACAAG CAGTTTTAGG 100 
CTGACTTCCT GGATGCTTCC AGGGCTCTAG TCTAGGATCT ACTGGCTCCA 150 
TTTCTTGCTC TCCTCTGTCG AGTAACGCCT ATTCTGCCTA GGGCAGGAAG A 201 



Note that SEQ ID NO: 5 is only a single base pair different from SEQ 
ID NO: 3, i.e., the base at position 191 is a "T" in SEQ ID NO: 3 but a "G" 
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in SEQ ID HO; 5. 



EqvC*') ontisensQ aolocular clones can be made by replacing the 
original Sall-ScoNI fragment on pSE with the Sall-ScoWI fragment on SEQ 

ZD miS. 



!rhe flip-over PGR system consisted of: 

pX, 1 ^g/ml 2 \xl 

RoQCtion buffer, lOx 5 ^1 

Tris-HCl, pH8.3 500 raM 

KCl 500 mM 

MgC12 20 raM 

Gelatine 0.05 % 

dKTP, 2.5 snM each 3 ^1 

Primer Tvpr 5965, 60 ng/ml 2 ^1 

Primer Trev 5795, 60 ng/ml 2 ^1 

(or Trevl- 15795) 
AmpliTaq DNA polymerase, 5 u/nl 0.2 |il 

(from Perkin Elmer Cetus) 
Double distilled water 35.8 \xl 



50.0 til 

The samples, with proper controls, were run on a DNA Thermal Cycler 
(Perkin Elmer Cetus) for 35 cycles each consisting of 94**C for 20 
seconds, 60 °C for 20 seconds iwd 74^C for 30 seconds. 



10 \il of each PCR product was run on agarose gel (NuSieve 3:1, FMC). 
The correct size of the PCR product is 201 base pairs, which was 
confirmed by agarose gel electrophoresis. 



Each inverted PCR product (antisense fragment) was extracted with 
phenol-chloroform-isoamyl alcohol (25:24:1), precipitated with alcohol 
and resuspended in 20 ^1 of TE solution (10 mM Tris-HCl, pH 7.5 and 1 mM 
EDTA) . The purified PCR product was then mixed with plasmid DNA of pXE 
and digested with both restriction enzymes Sail and EcoNX: 
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5 Hi 
2 \il 
5 Ul 



1 Hi 
1 m 

37 m 

so \il 

Incubation was at 37*C for at least 3 hours. 

Ten microliter of the digest was ran on agarose gel to make sure 
that the digestion had been satisfactory. The digest was 
heat-inactivated at SS'^C for 10 minutes and used directly for ligation: 

Above digest, undiluted 4 ul 

Ligase reaction buffer, 5x ■ 4 jil 

T4 DNA ligase, 1 u/\xl, BRL 1 m1 

Double distilled water 11 nl 

20 ^l " 

Incubation was at 15 *C for at least 3 hours. 

The PCR-derived Sail - EcoNI fragment, containing the inverted 
sequence and outnumbering the plasmid-derived Sail -EcoNI fragment, 
competitively inserted itself into the Sail and IcoNI sites of the 
plaismid molecule. 

One microliter of the 10-fold dilution of the ligation was used to 
transform 20 yl of competent HBlOl E. Coli cells according to the 
instruction of the manufacturer (BRL). Briefly, 1 ^1 of the diluted 
ligation was gently misted with the cells in a l.S ml microcentrifuge 
tub®. After placing in ice for 30 minutes, the cells were heat shocked 
at 42 ®C for 45 seconds then quickly returned to ice for two more 
minutes. IBO ul of S.O.C. Solution (2% tryptone, 0.5% yeast extract, 10 
raw NaCl, 2,5 mM KCl, 10 mM MgC12, 10 mM MgS04, 20 aM glucose) was added 
and mixed, then the tube was incubated at 37®C with constant agitation 
for 1 hour. The cells were spread on IiB agar plate supplemented with 



Inverted PGR product, extracted 

pXE, 500 Mg/al 

Reaction buffer, lOx 

Tris-acetate, pH 7-9 20 HM 
Magnesium Qcetate 10 mBS 

Potassium acetate 50 wS/i 

DTT 1 mM 

EcoNI, 15 u/nl, NEB 

Sal I, 10 u/nl, NEB 

Double distilled water 



-58 



wo 94/03596 



PCr/US93/07179 



aapicillin to the final concentration of 50 w/al. The plate was 
incubated at 37«C overnight. Colonies vere picked into 2 ml LB medlim 
eupplomented with empicillln (LBa«^) in the final concentration of 50 
^g/Bl. The bacterial cultures were placed at 37-C shaker- incubator 

overnight- 

The bacteria were harvested and miniplaamid DNA extracted according 
to Sa»brook, Fritsch and Maniatis (Molecular Cloning, a 
„anual, second edition. Cold Spring Harbor Laboratory Press, 1989) with 
^„or modifications as necessary. Briefly. 1.5 ml of each overnight 
culture was pipetted into a microcentrifuge tube and spun in tabletop 
microcentrifuge for 1 minute, ^e pellet was completely dispersed in 100 
^1 of solution I (50 m glucose. 25 m Tris-HCl pH 8.0. 10 mM EDTA pH 
8.0). After adding 200 m of freshly prepared Solution II (0.2 N NaOH. 
1% SDS) the tube was inverted several times to mis. 150 m of cold 
solution III (5 M potassium acetate 60 ml, glacial acetic acid 11.5 ml. 
H20 28.5 ml) was added and the tube vorte^ed briefly. The tube was then 
microcentrifuged for 2 «inutes. the supernatant transferred to a new tube 
and extracted once with phenol: chloroform risoamylalcohol (25:24:1). 
Plasmid DNA was precipitated with 1 ml of 100% ethanol. washed o^-^'"^ 
75% ethanol. air-dried and resuspended in 30 m of TE solution (10 mM 
Tris-HCl pH 7.5, 1 bM EDTA). 

Bsffla?>le 2: SCBEENIBKS BOR AMXISKMSE MOtECDLftR CLOWES 

MiniplasBlds were screened for the antisense molecular clones 
primarily by restriction endonuclease digestion followed by agarose gel 
electrophoreses. The clone constructed with Trev(*) primer was named 
Sflffl-a. and the clone constructed with Trev(-) primer was named pXE-b. 

comparing the original with the antisense proviral molecular clones, 
the Sau-1 (BSU36I) restriction enzyme site at the original position 5954 
has been moved to position 5800 in the antisense clone. The different 
positions of this Sau-I site in the natural versus antisense clone is 
employed for easy screening for the antisense clones. 
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AS= AntisensQ 
H a Ndel 



B B BanHI 
E = ScoRI 



Original provixral clone, pXEs 
gag 



I.TR 
tar 



I 

C 



7L 



C = Clal 
S = Sail 



E = EcoNZ 
X = Xhol 





=1 


i in 


1 t 


R sots 


5 n 


/ 


\ 



rev ~> 



I 

B 



I 



^R< 



171 base pairs 



5795 



Fragment sizes: 
Saul positions: 

Fragment sizes: 
Avrll positions: 



>| 

5965 
{ 



I >BSV 



Sau-I(5954) 

/{3702)V 1360'\/ 1695 \ 
(2252) 5954 7314 9009 

/ 3420 V 230 V 2339 \ 
2010 5430 5660 7999 



Anti sense proviral clone, pXE-^a: 
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gag [=1 t==-=i 



pol Vpr 3CXX 3CXX 



I,TR ^ ' c=i D<-- rev -> i— i LTR 

j>^^^^U.:;: , ! !!! AS! ! I 



tar 1 i iJl ^1 * 

C 



R MRS B N B X 

/ \ 

\ 



VI'R< 1 



I >REV 

'sal-I i ^ 171 base pairs __»S£SHI____ 

"5965 5795 



Sau-I(5800) 

Fragment sizes: /(3548)V 1514 V 1695 \ 

Saul positions: (2252) 5800 7314 9009 

Fragment sizes: / 3420 V 230 V 2339 \ 

Avrll positions: 2010 5430 5660 7999 

Antisense proviral clone, pXE-b;^ 

• vif vpu env 

r ^i I nef 



gag 



pel vpr XXX < — xxx -->□ 



XTR ~ ' " — ■ . 1 x<~ xxx I . LTO 



■<= 



tar I I III AS! i I ! 

C R HRS EH B X 

/ \ 
/ \ 
/ \ 
/ \ 

VPR< I i 

Sal-1 I 171 base pairs ^ EeoWI 

^^^^ Avr21(5966) 

Sau-1{5B00) 
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Fragment sizes: /(3548)V 1514 V 1695 \ 

Saul positions: (2252) 5800 7314 9009 

Fragment sizes: / 3420 V 230 V 306 V 2033 \ 

Avrll positions: 2010 5430 5660 5965 7999 

Restriction Digestion Patterns of Molecular HIV-1 
(HXB2) Full-Length Clones and Major Subclones. 

If the exact size of a particular fragment (band) is known, it is 
indicated by the exact number in bp (base pairs); If the exact size is 
not known, the estimated size is indicated by kb (kilobase). Bold- type 
are major clones or bands of interest for the particular restriction 
enzyme digestion. 

X = pX E = pXE Ea = pXE-a Eb = pXE-b 

Ear = pXE-ar Ebr = pXE-br N = pX-N NE = pX-N-E 

E2 - pX-E2 E = pXE XCS = pX-CS 

BBU36I (Saul) 

X E Ea Eb Ear Ebr N NE E2 E XCS 

13.0kb - -- -- -- -- - 

8,5kb 

1695bp - -- -- -- -- -- 

1514bp - - 

1360bp - - - - - 

0.7kb - -- -- -- -- -- 

* This band is 21 base pairs larger than 1514 in pXE-ar 
and pXE-br because of the inclusion of the ribozyme 
catalytic sequence. 

Bbu36I (Saul) is an excellent choice for distinguishing 
antisense/ribozyme proviral clones from the wild type clones (either pX 
or pXE). The 1360-base-pair wild type band changes to 1514 base pairs in 
antisense clones and to 1535 in anti sense-mono ribozyme clones. For the 
antisense-bi- and tri-ribozyme clones (not listed in the chart), this 
band will become 1556 (1514 + 21x2) and 1577 base pairs (1514 + 21 x 3). 
When samples are run side by side, the distinction between wild type 
clones and antisense/ribozyme clones is unmistakably obvious. 



-62- 



wo 94/03596 



PCrAJS93/07179 



Notes The restriction sites are cited from CeneBank, The Saul site 
at nt 2252 ia missing in pX as is in pXE. Missing with the site is the 
3702-bp band. 

Restriction digestion patterns of molecular HIV-1 (HXB2) full-length 
clones and major subclones. 

AvrXI 

X S Sa Eb Ear Ebr N NE E2 E XCS 

3420bp - -.-.-??--? 

2339bp - - ??--? 

2033bp 

306bp 
230bp 

These restriction site reorganizations were confirmed by individual 
or combined enzyme digestion followed by agarose gel electrophoreses. 

Armed with 171-base antisense RNA targeted to the essential tat gene 
of HIV-1 while still carrying all information of HIV-1, the antisense 
proviral clones pXE-a and pXE-b will make artificial antisense viruses 
which will neutralize the natural HIV-1 viruses. 



Open Reading Frames in the Inverted Sequence 

Analyzing the inverted 171 base pairs, two open reading frames 
(ORFs) were found with methionine initiation codon of 12 and 25 amino 
acids in length respectively. Global screening of PC/gene data bases has 
found no match, even allowing up to eight mismatches- The binding by 
natural mRNA blocks the formation of these putative proteins, just as it 
blocks the natural mRNA. 
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Open reading frames with methionine initiation codons: 

H K 

M P K A F V M K E T W Q * 
CAACACTTTCTACAATACCAATTCGI^^ 

ATLFTIAICTSSFRLTSWMLPG 

CTCTACTCTAGGATCXAOXXXnXX:^ ' 
L * 

The tat coding region in relation to the antisense area is shown in 
the sequence below. Bold- type represents inverted sequence. Nucleotide 
sequence in small characters is extension sequence beyond the PGR 
product. 

5 • -TGGGTGTCGACATAG=AGATGCCXAAGGCnTTTGTTATC 
XAT aa sequence: <~i~G — L~A~K— -T~I~F— ;C— V— Q~C~H~F- 
-New protein" _ ^ ^ * 

"New protein" MPKAFVMKETWQ* 
CAACACITTTTACAATAGCAATTGGXACAAGCAGTTTTAGGCTG^ 

C„c K K~C~Y C~K~T~C~A~T~K~P~Q~S~G~P~H~K~W~P- 

ATLFTIAI GTSSFRLTSWMLPG 

CTCXAGTCTAGGATCTACTGGCTCCATTTCrTGCTCTCCTC^ 

L * 

TATGGCAGGAAGAagcggagacagcgacgaagagctcatcagaacagtcagactcatcaagcttc 
MAGRSGDSBEELIRTVRLIKL 

I — >rev protein (unchanged) 
Vsd 

tctatcaaagcagtaagtagtacatgt-3 
L Y Q S S K * 

Example 3: ANTISENSE- (HONO)RIBOZYME PROVIRAL CLONES 

The 22-nucleotide-long catalytic domain was fixed into the antisense 
sequences to replace a "G", and thus was directed to cut the sense RNA at 
GUC which occurs once on tat mRJNAs 

CAGAAUUGGGUGUCGACAUAGAGAUGCOTAAGGCTUUUGiraAUGAAACAAACUUGGCAAUGAAAG 

1 1 ! 1 1 1 ! 1 1 1 1 1 ! ! ! I i ! i 1 1 1 1 1 1 1 1 1 i i I ! 1 1 i I Ml 1 1 1 II 

AGGCGAAGAAGGACGGUAUCCUCUACGGAUUCCGAAAACAAUACUyUGUinJGAACCGUUACUTO 
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G A U 
U GGCC G 
A CCGG A 
G G U 
U A 
C A 

CAAC»ClJDOima^UAGaU«JlK3CTJACAAGCAGaOUUAGGaJ ACTUCX^AUC^^ 

CTajAGUCUAGGAOOTAcacGCUCca^utnjaroGcoCTcaJCT 

1 1 > I ! 1 1 M ! 1 1 1 1 i ! 1 1 i I i 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 i I M M > I i 1 1 1 1 1 ! 1 1 1 1 1 ! 1 1 ! I M 

GAGAUCAGAUciuAGATOACTO^ 
AUGGCAGGAACAAGCGGA-3 • 
ACAGCUGUGGGUUAAGAC- 5 ' 

Upper Line: Aixtisense RNA sequence, written 5'— >3', with 
one ribozyme catalytic domain incorporated. 

Lower line: Natural mRNA sequence, written 3'— >5 , with 
all potential ribozyme cleavage sites 
underlined. 

The anti sense HNA sequences with the incorporated ribozyme domain 
are written into DNA with complementary sequences added. 

(5774) 

CAGAATTCGGTGTCCACATACAGATGCCTAAGCCrmxrTTATGAAAC^AA^^ 
GTCl4JJlcCCyiCACCTGTA^^ 

|< Ribozyme >| 

CAACACTTTrTACAATAGCAATTGCTAC^AGCAGXTTTAGCCTCTGATGAGG^ 

lltlillllllilillilltlllllillllllilllllllllMliilllllillllillllll! 

GTTOTOAAAAMCT^ 

ACTTCCnX»ATGCXTCC»GGGCnxnaGTCXAGGATCTACTGGC^^ 

tcaaggacktj^gUgg^ 

(5986) 

CGAGTAACGCCXATTCTGCCTATGGCACGAACAAGCGGA-3 ' 

I III III ! I III III I M 1 1 1 II iMin Mil 1 1 1 1 1 1 ^. 

GCTCATTGCGGATAAGACGGATACCGTCCTTCTTCGCCT-S 

PGR technology was utilized to incorporate the ribozyme catalytic 
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domain. T accomplish this, three primers vere designed which correspond 
-bo the positions shown below. 

5774 I Tvpr 5965 *■! 

! TGGGTGTCGACATAGAGATGCCTAACGCTTTTCTTATC 
CAGAATTGGGTCTCGACATAGAGATGOayUWSGCmTOCT 

III II Mill I II 1 1 1 II I II n II 1 1 1 1 1 1 1 1 M I II I M II 1 1 1 1 1 III 1 1 1 M 1 1 1 1 mil 

OTCTTAACCCACA(y4GTATCT^^ 

]< Ribozyme >| 

CAACACTTTTTACAATAGCAATTCGTACAAGC^GrrTT 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 M 1 1 1 1 1 M I II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 n 1 1 1 1 1 1 1 1 iiiiiUU il 

GIxeXGAAAAAxuxxAx cATGTTCGTCAAAATCCGAGACTACTCCGGACTACCGGCTT 

l< Pribo 5859-RB-5897 — 



ACi^anxKJAaxxsna^GCGCTCTA 

x;agaca 

GAGACA 



TGAAGGACCTACGAAGGTC 

1 • 

(5986) 

CGAGTAACGCCXATTCTGCCTATGGCAGGAAGAAGCOCA-3 ' 

i III I II I II I II III!!! Ill ill II III III nil! I ^. 

GCTCATTGCGGATAAGACGGATACCGTCCTTCTTCGCCT-5 
GCTCATTGCGGATAAGACGGATACCGTCCrrCT 
Trev 5795 1 

Primers "Tvpr 5695" and "Trev 5795" are actually SEQ ID NO: 2 and SEQ 
ID N0:1 as aforementioned for anti sense PGR. Therefore, only one more 
primer (Pribo) was needed to make the anti sense- ribozyiae proviral clone. 

Pribo 5859-RB-5897, nvimbering is of the wild type sequences: 

CTTCAAGCATCCy^GGAAGTTTCGGCCATCAGGCCTCyVTCAGAGCCT 

, I j< Ribozyme >| | I 

5859 5877 5879 5897 

SEQ ID NO: 6 

CTGGAAGCAT CCAGGAAGTT TCGGCCATCA GGCCTCATCA CAGCCTAAAA 50 

CTCCTTGTAC ^° 

The following graphs illustrate how the Pribo primer inserts the 
ribozyme sequence into the PGR products. All three primers were put into 
the PGR system, with Pribo" at a concentration about one tenth the 
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concentration of either of the tw end primers, pX was chosen as 
ten^late. All full length clones, i.e., pXE, pXE2, pXE-a, pXE-b and pNL 
are all eligible for being templates and vill result in the same PCR 
product, vith the Pribo primer inserted its sequence into some of the 
amplified DNA fragments. 

Original template sequence and primers: 



/ A \ 
/ / \ \ 

Trev P-a ++++++ > 

EcoNI Pribo 

StuI P-b Tvpr 

Sail 



PGR 



+ + 
+ + 



I 

I PGR 



+ + 
+ + 
+ + 



I 

{ PGR 
V 
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-++++++- 



1 PGR 
V 



I 

I PGR 







1 PGR 

V 



. • — > ^^4.4.^.+ 

. - — — 4. 4.^4. ^.^ 

I |Ribo| 
|<-- Anti sense 

PGR product without ribozyme sequence is 201 bps, while that 
containing ribozyme sequence would be 222 bps as follows. 

Sal -I 

5 ' -TGGGT GTCGAG ATAGAGATGCCTAAGGCTTXTCyi^^^^ 

3 ' -ACCG AGAGCTG TATCTCTACGGATTCCGAAAACAATACU"!^^^^ 

Stu -I 

CAACACTTTTXACAATAGCAATTGCniACAAGCACT^ 
GTTCnXSAAAAATGTXATCCmrAACCATGTTCG^^ 

1 < Ribozyme > | 

ACTTCCTGGATGCTTCCAGGGCTCTAGTCXAGGAT^ 

XGAAGGACCTACGAAGGTCCCCAGATCAGATCCTAGATGACGGAGGTAAAGAACGAGAGGAGACA 

E c o - N I 
CGAGTAACGCCTArrCT GCCTATGGCAGG AAGA- 3 ' 
GCTCATTGCGGATAAGA CGGATACCGTCC TTCT- 5 ' 



< : 

1 

-sequence — >| 
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SEQ ID NO: 7 

TGGGTGTCGA CATAGACATC CCTAAGGCTT TTGTTATGAA ACAAACTTGG 50 

CAATCAAAGC AACACTTTTT ACAATAGCAA rTGGTACAAG CAGTTTTAGG 100 

CTCTGATGAG GCCTGATGCC CGAAACTTCC TGGATGCTTC CAGGGCTCTA 150 

CTCTAGGATC TACTGGCTCC ATTTCTTGCT CTCCTCTCTC GAGTAACGCC 200 

TATTCTGCCT ATGGCACGAA GA 222 

Where primer Trev(-), SEQ ID NO: 4, is used instead of primer 
Trev( + ), SEQ ID N0:1, the fragment will be 1 bp different, i.e., nt 212 
"T" will be a "C": 

SEQ ID NO: 8 

TGGGTGTCGA CATAGAGATG CCTAAGGCTT TTGTTATGAA ACAAACTTGG 50 

CAATGAAAGC AACACTTTTT ACAATAGCAA TTGGTACAAG CAGTTTTAGG 100 

CTCTGATGAG GCCTGATGGC CGAAACTTCC TGGATGCTTC CAGGGCTCTA 150 

GTCTAGGATC TACTGGCTCC ATTTCTTGCT CTCCTCTGTC GAGTAACGCC 200 

TATTCTGCCT AGGGCAGGAA GA 222 

pXE together with "anti sense- ribozyme PCR" product were digested 
with Sail and EcoNI simultaneously then self-ligated. The ligation was 
used to transform competent HBlOl cells as detailed in the Examples. 
Miniplasmids were screened by digesting with StuI restriction enzyme (see 
below) . 

The genomic organization of the rev( + ) ant i sense- (mono) ribozyme 
clone, pXE-ar{2): 

vif ypu env 

gag I 1 ^ 1 



pol vpr XXX <~ XXX — >n 



LTR ^ ^ 1 1 cK — rev — > ) 1 LTR 

:— ; 

' tar i 484 | 964 j 

StuI (StuI) StuI 
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And the genomic organization of the rev(-) antisense-(mono)ribo2yme 
clone, pXE-br(2): 

vif vgu env 

gag 1 ^ I aef 



pol vpr sncx <~ 3S3cx 



LTR ^ ' ( 1 3£< — scsex ~> i r LTR 

mQ^7' — 



tar I ^84 T 964 | 

Stnl (Stul) Stul 



ANTI SENSE- (MONO-, BI- or TRI- )RIB02yME HIV-1 PROVIRAL CLONES 

To guarantee at least one cleavage would occur to the sense tat mRNA 
even when there are mutations, multiple ribozymes targeted to different 
areas were arranged into the antisense sequences. Besides the "GUC" 
chosen, as mentioned above, two "GUA" triplets also were chosen as 
ribozyme targets. Potentially, four "GUU" and another "GUA" can also be 
chosen as targets if desired. The three sites chosen with their 
incorporated 22-base ribozyme catalytic domains are as Allows. At the 
site of incorporation, the ribozyme sequence replaces a "G" , or "U" of 
the antisense RNA. 

CAGAAUUGCGUGUCGACAUAGAGAXJGCOTAAGCCOtJUUCUUArGAAACAAACUUGGCAATO 

AGGCGAAGAAGGACGGUAUCCUCUACGGAUUCCCAAAACAAUACUinJGUy^ 

G A U G A U 

U GGCC G U GGCC G 

A (1) CCGG A A (2) CCGG A 

G G U G G U 

U A U A 

C A C A 
CAACACUDUU ACAAUAGCAAUUGGUACAAGCAGUUUUAGGCU ACDUCCUGGAUGCUUCCACGG 

1 1 ! 1 1 1 i 1 1 1 1 1 1 1 ! 1 1 1 ! ! ! i 1 1 i 1 1 1 1 1 ! ! 1 1 1 ! i ! ! I ! I ! 1 1 1 1 1 i ! ! 1 1 1 1 1 ! ! 1 1 ! 1 1 

GUUGUGAAAAAUGUUAUCGUUAACCAUGUUCGUCAAAAUCCGACUGAAGGACCUACGAAGGUCCC 
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C A U 

u aacc G 

A (3) CCGG A 
G G U 

U A 

CUCUAGDCUAGGAUC SCTGCCTCaWTOUCODGCaCOCaJCDGO^ 

■ > 1 1 1 < I > ! i 1 1 M I I ! ! 1 1 1 1 1 I ! 1 1 1 1 1 ! i 1 1 1 1 1 i M ! 1 1 1 1 1 1 ! ! 1 1 ! ! S i ! > I ' • ! 

GAGAUfyiGAUCOTAGiiGACCGA^ 
AUCGCAGGAAGAACCGGA-3 ' 
ACAGCUCUCGGUUAACAC-5 ' 

Upper Line: Antisense RNA sequence, written 5'— >3', with 
3 ribozyme catalytic domains incorporated. 

Lower line: Natural inRNA sequence, written 3'~>5 , with 
all potential ribozyme cleavage sites 
underlined. 

Below, the antisense strand is written into DNA with complementary 
Bsquences. Note the ribozyme sequences. The first base pair corresponds 
to the wild type nt 5774 and the last 5986. 



5774 

kGAATTGGGTGTCGACATAGAGATGCCTAAGGCimGTTATGAAACAAACOTX»^^ 
GTCTTAACCCACAGCTGTATCTCTACGGATTCCOAAAACAATACTTTra^ITO 

(aUV(yiCTXTTCTGATGAScCTGATGCCCGAAACAATAGCAATT^ 
CXTCTCAAAAGACTACTCCGGACTACCGOCTTTGXXATCGCTAACCATClTCXarCAAA^ 

]< Ribozyme 1 >| ' 

Stu -I BamH-1 St 

TCATOAGGCCTGATCGCCGAAACTXCCTX^ATOCTTCCAGGGCTCrAGTCTACGAT^ 
ACTACTCCGGACTACCGCCTTTGAAGOACCTACGAAGGTCCCGAGATCAGATCCXAGGACTACTC 

<— Ribozyme 2 >| 

u -I E c o 

CCCTGATGGCCGAAACTGGCTCXATTTCrETGCICTCC^^ 

CGGACTACCGGCTTTGACCGAGGTAAAGAACGAGAGGAGACAGCTCATXGCGGATAAGACGGATA 
bozyme 3 >| 
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(59B6) 

- N I i 

CGCAGGAAGAAGCGGA-3 ' 
CCGTCCTTCTTCGCCT-5 ' 

Primers needed to synthesize the DNA sequences are shown at the 
corresponding regions on the fragment to be made. 

5774 0 > 

I TGGGTGTCCACATAGAGATOCCTAAGGCTTTTGTTATG CAATGAAAG 

CAGAATTGGGTCTCGACATAGAGATGCCTAACGCl^reX^ 

GTCTTAACCCACAGCTGTATCTCTACGGATTCCGAAAACAATACT^^ 

1 > 

CAACACTTTTCTGATGAGGCCTGATGGCCGAAACAATAGCAATTGGTACAA 

CAACACTTTTCTGATGAGGCCTGATGGCCGAAACAATAGCAATTGGTAC^ 
GITCnXJAAAAaACTACTCCGGACTACCGGCTTTGTTATCGTX 

v,xA^j.v,A*ww CATGTTCGTCAAAATCCGAG 

<— 2 

ACGGCTCTAGTCTAGGATCCTGATGAG 
TGATGAGGCCTGATGGCCGAAACTTCCTGGATGCTTCCAGGGCTCTAGT^ 
ACTACTCCGGACTACCGCCTTTGAAGGACCTACGAAGGTCCCGAGATCAGATCCT^ 
ACTACTCCGGACTACCGGCTTTGAAGGACCTACGAAGGTC 

3 — > 

GCCTGATGGCCGAAACTGCCTCCATTTCTTGCT 
GCCTGATGGCCGAAACTGGCTCCATTTCTT^^ 

CGGACTACCGGCTTTGACCGAGGTAAAGAACGAGAGGAGACAGCTCArrGCGGATAAGACGGATA 

GAGACAGCTCATTGCGGATAAGACGGATA 
< 4 

(5986) 
I . 

GGCAGGAAGAAGCGGA-3 * 
CCGTCCTTCTTCGCCT-5 ' 
CCGTCCTTCT 

Primers needed to construct the above fragment are as follow (all 
written from 5' to 3', nucleotide position numbering is of wild type HXB2 
sequences) : 

(0) Tvpr 5965 



TGGGTGTCGACATAGAGATGCCTAAGGCTTTTGTTATG 

I A ! 

5780 5794 5965 5943 

SEQ ID NO: 2 as depicted previously. 
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(1) Prlbo 5930-RB-5892 



CAATGAAAGCAACACnTTTCTGATOAGGCCTGATCGCCTAAACAATAGCAATTGCT^ 

I I |< Ribozyme >| | | 

5930 5912 5910 5892 

SEQ ID NO: 9 

CAATGAAAGC AACACTTTTC TGATGAGGCC TGATGGCCTA AACAATAGCA 50 
ATTGGTACAA 60 

(2) Pribo 5859-RB-5897 

CTGGAAGCATCCAGGAAGTTTCGGCCATCAGGCCTCATCAGAGCCTAAAACTGCra 

I I 1*^ Ribozyme >| | | 

5859 5877 5879 5897 

SEQ ID N0:6 as depicted previously for anti sense- (mono )ribo2yme fragment 
pXE-ar(2) & pXE-br{2). 

(3) Pribo 5860-RB-5822 

AGGGCTCTAGTCTAGGATCCTGATGAGGCCTGATGGCCGAAACTGGCTCCATTTCTTGCT 
I I I < Ribozyme >| | j 

5860 5842 5840 5622 

SEQ ID NO: 10 

AGGGCTCTAG TCTAGGATCC TGATGAGGCC TGATGGCCGA AACTGGCTC 50 
CATTTCTTGCT 60 

(4) Trev 5795 



TCTTCCTGCCATAGGCAGAATAGGCGTTACTCGACAGAG 

I A . I 

5980 5966 5795 5818 

SEQ ID N0:1 as depicted previously. 

Ribozymes 1, 2 & 3, occurring alone[(l), (2), (3)] or in 
combinations 1(1,2), (1,3), (2,3) (1,2,3)], were incorporated into the 
antisense sequence by a single PGR reaction. 
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PGR system for REV(+) anti sense-mono-, bi- or tri-ribozyme 
fragments : ^ 

pX, 1 ug/ml 2 ^l 

Reaction buffer, lOx 5 Ml 

Tria-HCl, pH8.3 . 500 mM 

KCl 500 mM 

MgC12 20 mM 

Gelatine 0.05 % 

dNTP, 2.5 mM each 3 Ml 

(0) Tvpr 5965, 60ug/ml 2 nl 

(1) Pribo 5930-RB-5891, 6ug/ml 2 \xl 

(2) Pribo 5859-RB-5897, 6ug/ml 2 nl 

(3) Pribo 5860-RB-5822, 6ug/ml 2 \xl 

(4) Trev( + ) 5795, 60ug/ml 2 ul 
Tag DNA polymerase, Su/^l 0.2 pi 
(from Perkin Elmer Cetus) 

Doxible distilled water to 29.8 \xl 

Members of ribozymes incorporated / 1 2 3 1,2 1,3 2,3 1,2,3 
Total ribozyme copy incorporated 01112 2 2 3 
Size of PGR fragments (bp) 201 222 222^222^243^ J43^J43^J64^ 

Thermal cycling was for 50 cycles, each consisting-of 94 degree C for 
20 seconds, 60 degree C for 30 seconds and 74 degree C for 30 seconds. 

All three Pribo primers were present in the PGR system. Each Pribo 
primer, by chance, inserted its sequence (carrying one member of the 
ribozymes) into the PGR amplification product, which was a mixture of 
antisense-ribozyme fragments with 0, 1, 2 or 3 ribozyme domains 
incorporated in a random fashion. 

The synthesized fragment, using primer Trev(+) 5795, SEQ ID N0:1, 
with all three members of ribozyme incorporated is 264-bp: 
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TGGGTCrrCGACATAGAGATGCCTAAGGCTTTTCTTATGAMCAAAC^ 
ACCCACACCTCTATCTCTACCGATrCCGAAAACAATAUTl"i'Uri'TCAACCCTTACTTTC 

Stu -1 

CAACACTTTTCTGATGAGGCCTGATCGCCOAAACAATAGCAATTGGTACAAG^ 
GTTGTGAAAAGACTACTCCCGACTACCGGCTTTGTTATCGTTAACCATGTTCGTC^^ 

|< Ribozyme 1 >I I 

BamH-I St 

TGATGAGGCCTGATGGCCGAAACTTCCTGGATGCrrCCAGGGCTCTAGTCTAGGATCCTGATGAG 
ACTACTCCGGACTACCCCCTTTCAAGGACCTACGAAGGTCCCGAGATCAGATCCTAGGACTACTC 
< Ribozyme 2 >| 1^ — 

u -I E ^ ® 

GCCTGATGGCCGAAACTGCCTCCyVTTTCTTGCTCTCCTCTGTCGACTAACGCCTATTCT 

CGGACTACCGGCTTTGACCGAGGTAAAGAACGAGACGAGACAGCTCATTGCGGATAAGACGGATA 
bozyme 3 >] 

N - I 
GGCAGGAAGA 
CCGTCCTTCT 

SE2 ID NO: 11 

TGGGTGTCGA CATAGAGATG CCTAAGGCTT TTGTTATGAA ACAAACTTGG 50 

CAATGAAAGC AACACTTTTC TGATGAGGCC TGATGGCCGA AACAATAGCA 100 

ATTGGTACAA GCACTTTTAG GCTCTGATGA GGCCTGATGG CCGAAACTTC 150 

CTGGATGCTT CCAGGGCTCT AGTCTAGGAT CCTGATGAGG CCTGATGGCC 200 

GAAACTGGCT CCATTTCTTG CTCTCCTCTG TCGAGTAACG CCTATTCTGC 250 
CTATGGCAGG AAGA 



264 



Where primer Trev{-) 5795, SEQ ID NO: 4, is used to replace primer 
Trev 5795, SEQ ID N0:1, in the above PGR system with everything else 
remaining the same, the fragment will be one base pair different, i.e., 
nt 254 "T" will be a "G" . 
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SEQ ID HO: 12 

TGGGTCTCCA CATAGAGATG CCTAAGGCTT TTGTTATGAA ACAAACTTGG 50 
CAATGAAAGC AACACTTTTC TGATGAGGCC TGATGGCCGA AACAATAGCA 100 
ATTGGTACAA GCAGTTTTAG GCTCTGATGA GGCCTGATGG CCGAAACTTC 150 
CTGGATGCTT CCAGGGCTCT AGTCTAGGAT CCTGATGAGG CCTGATGGCC 200 
GAAACTGGCT CCATTTCTTG CTCTCCTCTO TCGAGTAACG CCTATTCTGC 250 
CTAOGGCAGO AAGA 

PCR fragments with any two ribozymes incorporated would be 243 -bp 
long. Those with any one ribozyme would be 222-bp, and those without 
ribozyme would be 201-bp. 

PCR products, together with plasmid pXE, were digested with Sail 
plus EcoNI then self-ligated. The ligations were used to transform 
competent HBlOl cells as detailed earlier. 

Alternatively, ribozyme domains are implanted one by one. Another 
alternative is to isolate the right DNA fragment after each PCR reaction, 
then use it as template for next round of PCR implantation/amplification. 

Miniplasmids were screened by StuI digestion for various 
antisense-ribozyme clones. There are two StuI sites (nt 5404 and 6831) 
in the provirus sequencea of the aXB2, producing a fragment of 1427 bps 
with the area to be turned antisense lying in between. This StuI 
fragment remains the same in antisense clones pXE-a and pXE-b. Since 
every ribozyme catalytic domain contains one StuI site, the implantation 
of one, two or three ribozymes will, respectively, interrupt the StuI 
fragment into two, three or four bands whose exact sizes can be 
calculated as indicated in the following graphics, where 
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S ~ StuI site, 
Rl = Ribozyme- 1, 
R2 = Ribozyme 2, 
R3 = Ribozyme 3. 
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Clones of pXE-br series are exactly the same as th se of pXE-ar for 
StuI digestion. 

pX as well as pXE has two other StuI sites in the plasmid vector 
sequence. The internal proviral band (1427 bps) is the smallest . 
Moreover, the addition of the StuI sites in the riboayme sequences 
results in even smaller bands. So the screening of the miniplasmids 
using StuI digestion proved to be handy and precise. Note the 
incorporation of one ribozyme has effectively inserted 21 bps into the 
sequence (plus 22-bp ribozyme, minus 1 bp the ribozyme replaced), causing 
the sum of base pairs with antisense-ribozyme clones to be larger than 
1427 . 

Restriction Digestion Patterns of Molecular HIV-1 (HXB2) 
Full-Length Clones and Major Subclones. 

If the exact size of a particular fragment (band) is known, it is 
indicated by exact number in bp (base pairs); If the exact size is not 
known, the estimated size will be indicated by kb (kilobase). Bold-type 
indicates major clones or bands of interest for the particular 
restriction enzyme digestion. 
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X = pX E = pXE Ea = pXE-a Eb = p3CE-b 

Ear = pXE-ar * Ebr = pXE-br N = pX-N NE = pX-N-E 

E2 = pX-E2 E « pXE XCS = pX-CS 



StuX 



7.8kb 



S Sa £b Ear Ebr K NE E2 E XCS 
-----?? --? 



4.3kb - -- -- - ??--? 



? - - ? 



3.5kb ------? 

1427bp - - - - - . - 

964bp 
484bp 

Note: The only antisense-ribozyme clones listed in all restriction 
digestion charts are pXE-ar{2) and pXE-br(2), shown as Ear and Ebr. 



The "antisense-ribozyme HIV-1 proviral clones" pXE-ar series 
[constructed with Trev( + ) primer] and pXE-br series [constructed with 
Trev{-) primer] are transfected into antisense/ribozyme virus producer 
cell line (see below). The virus particles produced ( antisense-ribozyme 
viruses, ARV) are very powerful in inhibiting the replication of the 
natural HIV-1 viruses. In addition to the blockage activity as that of 
antisense viruses (ASV), the ARV also possess the ability to cleave the 
bound tat mRNA at 1 to 3 loci, rendering tat mRNA impossible to be 
translated into TAT protein. 



Example 4: PREPARATION OF HIV-1 PLASMID CLONE FOR ANTISENSE/ 
. RIB0ZYB3E PROVIRUS CONSTRUCTIONS 

The construction of antisense/ribozyme HIV-1 proviral clones began 
with pX. pNL was employed for some special purposes. 
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Restriction site rearrangements became necessary after the area to 
be turned antisense was chosen and the restriction sites to be used were 
selected. Before the HIV-1 antisense/ribozyme provirai clones could be 
constructed with precision and convenience, it was necessary to obtain 
pXE. As discussed above, pXE contains a unique Sail site and a unique 
EcoNI site. The DNA sequence between these two unique sites can be 
replaced conveniently and precisely by antisense/ribozyme fragments, with 
the replacement products becoming antisense/ribozyme provirai clones. 

Restriction mapping shows that there are three EcoNI sites in pX, 
yielding three bands of about 11.5, 3.8 and 1.7 kb respectively (see 
Figure 2). Since it was necessary that the EcoNI site at nt 5966 be 
unique for convenient and precise antisense/ribozyme clone construction, 
the other two EcoNI sites were removed from the plasmid. The product of 
having the other two EcoNI sites removed is pXE, 

pX contains another EcoNI site at nt 7631 in the provirai sequence 
(the corresponding site is also present in pNL), The third EcoNI site in 
pX is about 1-8 Ids beyond the 3'-LTR of the provirai sequences, most 
likely located in the cellular sequence flanking the provirus. The EcoNI 
site outside the provirai sequence can be deleted by any means without 
haying to worry about any adverse effect. The nt7631 EcoNI site, 
however, must be removed in a way that preserves the gene in which it 
resides. 

The plasmid preparation strategy, in order to obtain pXE, was to 
protect the nt 5966 EcoNI site by removing the Ndel fragment (nt 
5121-6402 containing the 5966 EcoNI site) from pX. The resultant clone 
(pX-N) was then subjected to point-mutation of nt 7631 EcoNI by 
recombinant PGR, followed by DNA polymerase filling-in to erase the EcoNI 
site outside the HIV-1 sequence. The resultant EcoNI-free subclone, 
pX-N-E, was reinstalled with the 5121-6402 Ndel fragment. The 
reestablished full-length provirai clone with the unique EcoNI site at nt 
5966, pXE, was used as wild type HIV-1 plasmid and as parental plasmid 
for constructing all antisense/ribozyme HIV-1 provirai clones. 
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Similar rearrangements for restriction endonuclease sites are also 
made to pSE (HIV-2), pK102 (SIV) and p239F (SIV) for the precision and 
convenience in constructing antisense/ribozyme proviral clones. 

This Example explains in detail the steps taken in preparing pXE, 
the restriction-site-rearranged EIV-1 wild type plasmid clone which has 
been used directly for the construction of HIV-1 antisense/ribozyme 
proviral clones . 



REMOVAL OF ECONI SITE AT NT 5966 FROM PX 

(1) pX was digested with Ndel (CAITATC) which occurs in HIV-1 
sequence only at position 5121 and 6402, between which lies the HIV-1 
EcoNI site at position 5966. Also in between is the unique Sail site at 
nt 5785. 

pX, 500 ug/ml 5 ^l 

Reaction buffer, lOx 5 Ml - 

Tris-acetate, pH 7.9 20 mM 

Magnesium acetate 10 mM 

Fotassixim acetate 50 mM 

DTT 1 n»M - 

Nde I, 20 u/fil, NEB 1 ^1 

Double distilled water 39 ul 



50 111 



Incubation was in 37*C for 1 hours. 



(2) Ten microliter of the digest was run on agarose gel to ensure 
that the digestion was satisfactory. Ndel cuts pX twice, yielding two 
bands of 1281 bp and 16 kb respectively. The digest was heat- inactivated 
at 65**C for 10 minutes and used directly for ligation: 

Above digest^ undiluted 4 \il 

Ligase reaction buffer, 5x 4 ul 

T4 DNA ligase, 1 n/\il, BRL 1 \il 

Double distilled water 11 ^1 

20 \il 
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(3) 20 ul of competent E. coli cell strain HBlOl was transfected 
with 1 \xl of 10-fold dilution of the ligation according to the 
instruction of the maniif acturer (BRL) of the competent cells with minor 
modifications as necessary. After inctibating the LBan^ agar plate in 
37*C overnight, single colonies were picked into 2 ml LB medium 
supplemented with ampicillin in the final concentration of 50 ug/ml 
(LBamp). The bacterial cultures were placed in 37°C ahaker-incubator 
overnight. 

(4) The bacteria were harvested and miniplasmid DNA extracted 
according to Sambrook, Fritsch and Maniatis (Molecular Cloning, a 
laboratory manual, second edition. Cold Spring Harbor Laboratory Press, 
1989) with minor modifications as necessary, 

(5) Miniplasmids were digested with Bglll. pX was also digested and 
used as control. 



Miniplasmid DNA, 3 \xl 

Reaction buffer, lOx 3 ^l 

Tris-HCl, pH 7.9 50 mM 

MgC12 10 mM 

NaCl 100 mM 

Dithiothreitol 1 mM 

Bglll, 8u/jil 0.2 jil 

Double distilled water 23.8 \xl 



30.0 ul 

Incubation was at 37'*C for at least 3 hours. 

For a cleaner agarose gel picture, ribonuclease A (FNase A, Sigma 
Chemicals) is regularly included at a final concentration of 50 ug/ml in 
the restriction enzyme digestion system for miniplasmids to destroy the 
contaminating RNAs. The resultant pictures were much better than 
restriction digestion without the HNase addition. 



Compared to pX parental clone, the subclone with Ndel fragment 
deleted, pX-N, has one of the Bgl-II fragment (between positions 2095 and 
7040) reduced from 4945 bp to a smaller fragment of 3663 bp. 
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I I 1 

C R H 



AS= Anti sense B = BaanHI C = Clal E = EcoNI 

N = Ndel R = EcoRI S = Sail X = Xhol 

Restriction digestion patterns of molecular HIV-1 (HXB2) 
full-length clones and major subclones. 

If the exact sise of a particular fragment (band) is Imown, the exact 
number in bp (base pairs) is indicated; if the exact size is not known, 
the estimated size is indicated by kb (kilobase). Bold- type is used for 
major clones or bands of interest for the particular restriction enzyme 
digestion. 

X = pX E = pXE Ea = pXE-a Eb = pXE-b 

Ear = pXE-ar Ebr = pXE-br N = pX-N NE = pX-N-E 

E2 = pX-E2 E = pXE XCS = pX-CS 



Bglll 

X E Ea Eb Ear Ebr N NE E2 E XCS 

3663bp 

3.0kb - -- -- -- -- -- 

1622bp - -- -- -- -- - 1430bp 

580bp - -- -- -- -- - -507bp 

Restriction enzyme Hindi 1 1 is also used to screen HIV-1 plasmids. 
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Hindi! X 

X E Ea Eb Ear Ebr W ME E2 E XCS 
5.1 kb - - 

4.3kb = = = = = = = = - 

211^p - -- -- - 

1475bp - -- -- 

lOllbp 

627bp - -- -- -- -- - 553bp 

Note: Bglll and Hindlll are routinely used in the construction 
procedures for HIV-1 plasmid* clones- The enzymes are used either to do 
the first screening of miniplasmids or to further check the correctness 
of general structure of all HIV-1 plasmid clones. These digestion 
patterns should be referred to where a Bglll or Hindlll digestion is 
discussed. 

(6) The deletion subclone pX-N had only two EcoNI sites both of 
which were to be removed. One was at nt 7631 while the other was about 
1.8 kb beyond 3'-LTR of the HIV-1 sequence, most likely within the 
flanking cellular sequence. Digestion of pX-N with EcoNI yielded only 
two bands, about 12.0 and 3.8 kb respectively. 

Restriction digestion patterns of molecular HIV-1 (HXB2) 
full-length clones and major subclones. 

If the exact size of a particular fragment (band) is known, the exact 
number in bp (base pairs) is indicated; if the exact size is not known, 
the estimated size is indicated by kb (kilobase). Bold-type is used for 
major clones or bands of interest for the particular restriction enzyme 
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digestion. 



V ss dX E = pXE Ea = pXE-a Eb = pXE-b 

Ear = pXE-ar Ebr = pXE-br N = pX-N NE = pX-N-E 

E2 = pX-E2 E = pXE XCS = pX-CS 



EcoHI 



17.0kb 
15.7kb 
15.3kb 

12.0Kb 
ll.SKb 

7.0kb 

3.81cb 



E Ea Eb Ear Ebr H ME E2 E XCS 



1665bp - " ' 

Note: This digestion pattern should be referred to while reading the 
text, especially in this Example at an EcoNI digestion." This Example 
fully details manipulations taken to achieve a wild type HIV-1 plasmid 
clone with unique EcoHI sit© at proviral position nt 5966 (pXE). The 
purpose of constructing pXT is to facilitate the subsequent construction 
steps for antisense/ribozyme proviral clones. * not cut by EcoNI 

POINT-MUTATION OF ECONI SITE AT NT 7631 BY PGR 

(7) To erase the EcoNI site at nt 7631, a point nrutation was made to 
change the nt 7633 "T" to a "C", without altering the encoded envelope 
protein sequence, since the original codon CCT and the changed codon CCG 
both encode for the same amino acid proline, (orlg nt = original 
nucleotides; orlg pt = original protein; chge to =change to; same pt = 
same protein; B primer = Bridging primer) 
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Orig nt: GAG TCC GAC ATC TTC AGA CCT GGA GGA GGA GAT ATG AGG CAC 
Orig pt:E SE I FRPGGGDMRD 

EcoNI : CCT NNN NNA GG 

Chge to: GAG TCC GAG ATC TTC AGA CCG GGA GGA GGA GAT ATG AGG GAC 
Same pt:ESE I FRPGGGDHRD 

B primer: CC GAG ATC TTC AGA CCG GGA GGA GGA GAT ATG AGG G 
EcoNI removed: CCG NNN NNA GG 

The point-mutation and the EcoNI recognition site elimination were 
accomplished by a special PCR protocol of the subject invention, bridging 
PCR- Bridging PCR usually involves three (or more) primers instead of 
two in the traditional PCR system. For the elimination of the nt 7631 
EcoNI site, the three primers used were as follows: 

5 'primer: EcoRI-down 4623 

GGGCGGGAATCAAGCAGG 
I— 4623-4640 — >| 

SEQ ID NO: 13 

GGGCGGGAAT CAAGCAGG 

3 'primer: HTX 8670 

TTGAGAATTCTAACAGCACTATTCTTTAG 
I B670-B642 >j 

SEQ ID NO: 14 

TTGAGAATTC TAACAGCACT ATTCTTTAG 

Bridging primer: B 7633 

CCGAGATCTTCAGACCGGGAGGAGGAGATATGAGGG 
I 7617-7652 >I 

SEQ ID NO: 15 

CCGAGATCTT CAGACCGGGA GG AGG AGATA TGAGGG 36 

The sequential events of this Bridging PCR employed to introduce the 
point mutation into the sequence is illustrated as follows: 



18 



29 
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flank LTR__ POL VIF R TAT ENV NEF LTR__ flank 

1 l-l-// — 1 1 — 

pX C RNRSENEBX E 

j R=EcoRI N=NdeI 

I S=SalI EsEcoNI 

I B^BanHI X=XhoI 

I Hdel digestion C=ClaI 
I T4 DNA ligation 
V 



-|_^ l-l-// l-l-l-l-l-l i 1" 

pX-N C R N E B X E 

/ \ 
/ \ 
/ \ 
/ \ 

A 

EcoRI Ndel EcoNI BamHI 

I 

EcoNI digestion 
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EcoRI Ndel EcoNI BaniHI 

I 

I PCR-1 
V 

< — 

„> — G > 



I 

I PCR-1 
V 



T 

•A 



I 

I PCR-2 

V 



< 

■T 
-A 

►G > 



G- 
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I 

i PCR-3 

V 

X 

— c— 

I 

I PCR-3 
V 



■T 



1 
1 

V 








1 
1 

V 


PCR-5 







-> G 

C <- 

I I 3C I 

EcoRI Ndel xEcoNIx BamHI 

\ ! / 

\ j EcoRl + BamHI / 

\ I digestion / 

\ j Sequence / 

\ j swapping / 

\ I with / 

\ 1 PX-N / 

\ V / 



•I l-l-// l-I-l 1 1- 

pX-N-El C R N B X E 
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The bridging PGR reaction system consisted of : 

pX-N, EcoNI digest, about 50 ng/\xl 2 \xl 

Reaction buffer, lOx 5 ^l 

Tris-HCl, pH8.3 500 mM 

KCl 500 wM 

MgC12 20 mM 

Gelatine 0.05 % 

dNTP, 2.5 BiM each 3 ^1 

5 'primer, 4623-4640 60 ug/ml 2 ^l 

3 'primer, 8670-8642 60 ug/ml 2 \xl 

"B"primer, 7617-7652 6 ug/ml 2 \il 

AmpliTaq DMA polymerase, 5 u/\xl 0.2 ^1 

(from Perkin Elmer Cetus) 
Double distilled water 33.8 ^il 



50.0 ^l 

The sample with proper controls was run on a DNA Thermal Cycler 
(Perkin Elmer Cetus) for 50 cycles each consisting of 94**C for 20 
seconds, 50°C for 20 seconds and 74**C for 120 seconds. 10 ^l of the PGR 
product was run on agarose gel (NuSieve 3:1, FMC), The correct size of 
the PGR product should be 2766 base pairs, which was confirmed. 



To establish whether the point mutation had been made, PGR products 
were digested with EcoNI. PGR product from reaction using undigested pX-N 
template, 5' and 3' (without bridging) primers, was cut into two bands of 
1731 and 1035 bps. The bridging PGR product amplified with the system 
described above was not cut, indicating that the EcoNI site had been 
eliminated. 



(8) The bridging PGR product was digested with EcoRI and BamHI 
simultaneously and the EcoRI-BaraHI fragment of 2546 bp was used to 
replace the corresponding fragment of pX-N. 

The bridging PGR product was extracted once with 
phenol-chloroform-isoamyl alcohol (25:24:1), mixed with plasmid DNA of 
pX-N and digested with both restriction enzymes EcoRI and BamHI: 
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-Bridging" PCR product, extracted 5 ^l 

pX-N, about 500 ug/ml 2 \il 

Reaction buffer, lOx 5 ul 

Tris-HCl, pH 8.0 20 mW 

WgC12 10 mM 

NaCL 100 mM 

EcoRI, 10 u/\xl, BRL 1 Pl 

BainHI, 10 u/\il, BRL 1 RI 

Double distilled water 36 |il 



50 ^1 

Incubation was at 37°C for at least 3 hours. 

Ten |j1 of the digest was run on agarose gel to make sure that the 
digestion had been satisfactory. The digest was heat-inactivated at 65**C 
for 10 minutes and used directly for ligation: 

Above digest, undiluted 4 ^il 

Ligase reaction buffer, 5x 4 \il 

T4 DNA ligase, 1 BRL 1 ^1 

Double distilled water 11 pi 



20 ^1 

Incubation was at 15**C for at least 3 hours. 

One microliter of the 10-fold dilution of the ligation was used to 
transform 20 vil of competent HBlOl cells. Colonies were picked and 
miniplasmids were extracted and digested by Bglll as well as EcoNI. 
Successful recombinant clones (pX-W-El) were cut only once by EcoNI 
instead of twice for pX-N; while the Bglll digestion pattern of pX-N-El 
was the same as that for pX-N. In fact, pX-N-El had the same structure 
as pX-N except the nt 7633 "T" is changed to a "G". (see the restriction 
digestion patterns). 



ELIMINATION OF OUTSIDE ECONI SITE BY POLYMERASE "FILL-IN" 

(9) To abolish the remaining EcoNI site outside of the proviral 
sequence, pX-N-El (5 \xg) was cut with EcoNI. The digest was purified by 
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PCI esctraction, ethanol precipitation and was resuspQndsd in 50 |il of Is 
TaqI DNA polymerase reaction buffer (diluted from lOx buffer of Perkin 
Elmer Cetus) with 50 uM of each dNTP and 1-0 unit of TaqI DNA 
polymerase. The miKture was placed in 70*'C for 1 minute ("fill-in" took 
place here) then subjected to PCI extraction (phenol-chlorof orm-isoamyl 
alcohol (25:24:1)). 4 ^1 of the mixture was used for ligation in a 20 ^l 
system as in paragraph (8) above. One microliter of the 10-fold dilution 
of the ligation was used to transform 20 \xl of competent DM1 cells which 
are dam methylase negative (GIBCO BRL) . Colonies were picked and 
miniplasmids were extracted and digested by Hindlll as well as EcoNI. 
Successful recombinant clones (pX-H-E) were not cut by EcoNI, but showed 
the same Hindi 1 1 digestion pattern as pX-N and pX-N-El (see the 
restriction digestion patterns). In fact, pX-N-E has the same structure 
as pX-N except the nt 7633 "T" is changed to "G" and the outside EcoNI is 
eliminated. 
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flank LTR_ POL VIE R TAT ENV NEF _LTR flank 

1 1-1-// — 

pX C RNRSEMEBX 



Ndel digestion 
T4 DNA ligation 



E 



R=EcoRI N=MdeI 

S=:SalI E=Ec6MI 

B=BainHI X-XhoZ 
C=ClaI 



pX-N 



j-l-// 1 — l-l — l-l — I 

C R N E B X 

I 



-I- 
E 



j PGR point mutation 
I and reconstruction (swapping) 

V 



-I l-l-// l-l- 

pX-N-El C R N 



B X 



/ 



/ 



/ 



/ 



/ 

/ 

/ ! - 

NNNNNCCTNNNNNAGGNNNNNNNNN . 

. . .NNNNNCGANNNNNTCCNNNNNNNNN. 



I EcoNI Digestion 

V/ 
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J-l-// 1— I I-l — ! 1 



, .NNNNNCCTNN NNNAGGNNNNNNNNN . . . 
. .NNNNNGGANNN NNTCCNNNNNNNNN. . - 
I 

I Fill-m ifith 

I (Tag) DNA polymerase 

j and dNTP's 

V 

. .NNNNNCCTNNN NNNAGGNNNNNNNNN . . • 
. .NKMNNGGANNH HNm^CCllNNKHKNHN . . . 
I 

I T4 DNA Ligase 

V 

, .l]Kin^CCTNN£INNNAGGNtmNN^^ . . 
, .NNNlWGGAraiNKNOTCCN^^ - . 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 



pX-N-E C R N B X 

EcoNI cuts the sequence CCT(N)5AGG. When there are six (6) bases in 
between CTT and AGG, i.e., CCT(N)5AGG, EcoNI will not cut any more. 

REINSTALLATION OF THE NDEI FRAGMENT 

Because of the limited availability of convenient restriction sites, 
the re-installation of the Ndel fragment took two-steps: first to 
reconstruct full-length plasmid (pX-E2), then to mutate the EcoNI site at 
nt 7631 again. 

(10) pX-N-E and parental pX (both prepared from transformed DM1 
cells) were digested simultaneously with Clal (nt B29) and BamHI (nt 
8474). The digest mixture was self-ligated and used to transform 
competent HBlOl E. Coli cells. 

(11) Miniplasmids were screened by Bglll and Hindlll digestion. 
Those with the same digestion patterns as pX would be the full-length 
clones. 

(12) The full-length clones were further checked by digesting with 
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EcoNI, and th© clone cut twice and yielding a band of 1665 bps was chosen 
and named as pXE-2. p(S£-2 is the same wild type clone as pX but with the 
outside EcoNI site removed. 



p-X-N-E C R N B X 



+ 



flank LTR_ 

1 I 



POL VIF R TAT 



pX 



-I-//- 

c 



R 



I 



-l-II- 
R S£ 



"l-l — l-l 
WE B X 



MEF LTR flank 



R=EcoRI 
S^Sall 
B=BainHI 
C=ClaI 



Digestion with 

Clal & BamHI 
T4 DNA ligation 
Screen for the bold-type parts 

ligated together 



E 

N=NdeI 
E=EcoNI 
X=XhoI 



POL VIE R TAT ENV NEF 



pXE-2 



-l-l V/ — i-i — i-i i — i-i — i-i — I- 

C RHRSENEBX 



(13) Another bridging PCR, in order to mutate the EcoNI site at nt 
7631 which had been reinstated into pXE-2. 
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pX, 1 ug/ml 
Reaction buffer, lOx 



5 



1 



Tris-HCl, pH8.3 500 mM 

KCl 500 mM 

MgC12 20 mM 



Gelatine 0.05 % 

dNTP, 2.5 mM each 
5 'primer, 5738-5761 60 ug/ml 
3'pEimer, 8670-8642 60 ug/ml 
"B"primer, 7617-7652 6 ug/ml 
AmpliTag DNA polymerase, 5 u/jil 



0-2 



2 



3 



2 



2 



Hi 

m 
Hi 

Ml 
Hi 



(from Perkin Elmer Cetus) 
Double distilled water 



34.8 



50.0 \il 

Here only the 5 'primer is new, the other two are SEQ ID N0tl4 & 15. 
5' primer: HTX 5738 

ATAAGAATTCTGCAACAACTGCTG 



SEQ ID NO: 16 

ATAAGAATTC TGCAACAACT GCTG 24 

The samples were run on a DNA Thermal Cycler (Perkin Elmer Cetus) 
for 50 cycles each consisting of 94**C for 20 seconds, 60**C for 20 seconds 
and 74*C for three minutes. 10 nl of the PGR product was run on agarose 
gel (NuSieve 3:1, FMC) . The correct size of the PGR product should be 
2932 base pairs, which was confirmed. 



5738-5761 



>l 
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1 

V 


PGR, 


denaturation £ annealing 










— G— > 


^ 3' 




1 
1 

V 


PGR, 


extension 






















1 
1 

V 


PGR, 


second cycle 
















I 
1 

1 
1 

I 

V 


PGR, annealing 

(bold-type for easy 
distinction only) 


















I 
1 


PGR, 


G~> 

extension 





V 
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T 

A <- 

T 

C-~ <- 

„.G— > 

C <- 

I 

I PGR, next cycle 

V 

T 

A <- 



C < — 

G~> 

C < — 

It becomes clear that, even with an intact template, the bridging 
primer would be able to insert its sequence into some of the amplified 
fragments. To confirm the successful implantation of the "T — > G" 



(i.e., CCTNNNNNAGG — > CCGfNNNNNAGG ) point mutation at nt 7633, the PGR 

products were digested with EcoNI. Gontrol with only 5' and 3' primers 
the whole fragment was 2932 bps. The product was cut into three bands of 
232, 1665 and 1035 bps respectively. 

5785 8474 

Sail BamHI 

I I 



: A <™ 

I 2932 - -- -- -- -- -- - ->| 

|<-232->|< 1665 >|< 1035 ->| 

5738 5970 7635 8670 

EcoNI EcoNI 



For the PGR with three primers, the undigested product was a mixture 
containing two bands of 2932 and 1053 respectively. When cut with EcoNI, 
four bands appeared. Besides the 1665, 1053+1035, and 232 bp bands; 
another band appeared at 2.7 kb, due to considerable amount of the 
product carrying the point mutation at nt 7633 resulting in the 
elimination of EcoNI site at nt 7631. 
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5785 
Sail 



8474 
BamHI 



-T- 
-A- 



|< 

|<-232->|< 

5738 5970 
EcoNI 

5785 

Sail 

I 
I 



2932 



- - 1665 



7635 
EcoNI 



- 1035 - 



>| 

>| 

8670 



8474 
BaxnHI 



-C- 



|< 

|<-232->i< 

5738 5970 
EcoNI 



2932 - - 
- - - 2700 



■ ->| 
8670 



8474 
BamHI 



— -C— 
| <- . 

7617 



- 1053 - 



< 

>1 

8670 



The PGR product with 2.7 kb band was digested along with pXE-2 
plasmid by restriction enzymes Sail and BamHI. The digest was 
self-ligated. The ligation was used to transform competent HBlOl cells. 
Miniplasmids were screened with Hindlll then with EcoNI. The clone with 
nt 7631 EcoNI site mutated, pXE, showed the same Hindi 1 1 digestion 
pattern as that of pX or pXE-2, but was cut only once by EcoNI compared 
to twice for pXE-2 and three times for pX. 
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POL VIF R TAT ENV NEF 

1 l-l-// 1 

pXE-2 C RNRSENEBX 

+ 

Bridging PGR product - 1 | — I i- 

SE N B 

I Digestion with 

I Sail & BaslHI 

I T4 DNA ligase 

j Screening with 

I restriction enzymes 

V 

POL VIF R TAT ENV NEF 

! I-!-// — 1 

pXE C RNRSEN BX 

pXE was used later for constructing antisense molecular clones. pXE 
can also be used as wild type control just as pX. 

(**) The abolishment of the two extra EcoNI restriction sites can be 
done in an alternative way. The starting pX plasmid prepared from DM1 
competent cells can be digested simultaneously or consecutively with both 
Bell (nt 242B) and BaniHI (nt 8474) then self-ligated. 

(Note: Bell and BamHI produce compatible cohesive ends that can be 
ligated to each other. But the ligation product cannot be recut by 
either enzyme. Compatible cohesive ends unable to be recut after 
ligation also occur between Sail and Xhol, see gene*expression vector 
construction below. Bell recognizes TGATCA and cuts between -T" and "G", 
but this sequence will not be cut by Bell when the middle "A" is 
methylated by Dam methylase. DM-1 E- coli cells are Dam methylase 
negative. DNA prepared from DM-1 cells are not methylated and therefore 
can be cut by Bell.) 

The plasmid clone wi'th Bell - BamHI fragment deleted ("pX-BB") has 
both proviral EcoNI sites removed. pX-BB can be cut with EcoNI, treated 
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with TaqI polymerase, self-ligated and used to transform DM1 competent 
cells. This results in the abolishment of the outside EcoNI site. This 
clone ( -pX-BB-Eo" ) together with pX can be cleaved simultaneously with 
Clal (nt 829, Clal is also Dam methylation sensitive and demands DM-1 
cell prepared DNA for effective cleavage) and Xhol (nt 8896), 
self-ligated, and used to transform competent cells. The full-length 
clone with only two provlral EcoNI sites (pX-E2) can be used for sequence 
swapping with "bridging PGR" product between Sail and BamHI as described 
in Step (13). The final clone with only one EcoNI site at nt 5966 is 
pKE. 

CONSTRUCTION OF FULL-LENGTH ANT I SENSE/R ISOZYME MOLECULAR 
CLONES 

(14) PCR reactions were performed using pX or other appropriate 
plasmids as templates and Tvpr/Trev or/and other primers as depicted 
previously. The PCR product was checked by running 10 \il on agarose gel. 
The fragments were shown to be of expected sizes and/or_of expected 
restriction digestion patterns . 

(15) Each of the PCR products together with plasmid pXE were 
digested with Sail and EcoNI, simultaneously. 

Restriction Digestion Patterns of Molecular HlV-1 (HXB2) 
Full-Length Clones and Major Sxibclones. 

If the exact size of a particular fragment (band) is known, it is 
indicated by exact number in bp (base pairs); if the exact size is not 
known, the estimated size is indicated by kb (kilobase). Bold-type 
indicates major clones or bands of interest for the particular 
restriction enzyme digestion. 
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X s px E = pXE Ea = pXE-a Eb = pXE-b 

Ear = pXE-ar Ebr = pXE-br N = pX-N NE = pX-N-E 

E2 = pX-E2 E = pXE XCS = pX-CS 

Sail ■> BeoKI 

X B Ea Sb Ear Ebr N NE E2 E XCS 

IT.Okb _ - - - - 

15.7WD 

15.3kb 

la.okb 

ll.Skb 
7.0kb 

3.81eb - 

1665bp - - 



206bp 

185bp - - - _ _ - 

Note: Though done in one tube, the construction of 
antisense/ribozyme proviral clones is actually done stepwise involving 
the simultaneous digestion of pXE with Sail and EcoNI, and the 
reploeeBent of the Sall-EcoNI fragment (185 bps) by PGR- inverted 
antiaense/ribozyme fragments (185 bps for pXE-a and pXE-b; 206 bps with 
one ribozyme incorporated, 227 with two, and 248 with three). 

(16) The digestion misture was self-ligated and used to transform 
competent HBlOl E. Coli cells. Colonies were picked. 

(17) Miniplasmids were screened for antisense/ribozyme clones by 
cutting with Bsu36I, choosing clones whose original 1360 bp band had been 
changed to 1514 bp or bigger. Digestions with other restriction enzymes 
have also been used to confirm the correctness of constructions. See 
previous digestion patterns. 
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Restriction Digestion Pattezms of Molecular HIV-1 (HX52) 
Full-Length Clones and Major Subclones. 

If the exact size of a particular fragment (band) is known, it is 
indicated by the exact nusODer in bp (base pairs); If the exact size is 
not known, the estimated size is indicated by kb (kilobase). Bold-type 
indicates major clones or bands of interest for the particular 
restriction enzyme digestion. 

X « pX E = pXE Ea = pXE-a Eb = pXE-b 

Ear = pXE-ar Ebr = pXE-br N = pX-N NE = pX-N-E 

E2 = pX-E2 E = pXE XCS « pX-CS 

Bsu36I (Saul) 

X E Sa Eb Ear Ebr N NE E2 E XCS 



13.0kb 
B.Skb 



1695bp 
1514bp 
13G0bp 



0.7kb 



* This band is 1535 bps with one ribozyme incorporated. 
It will be 1556 with two, and 1577 with three. 

(18) The antisense/ribozyrae molecular constructions are confirmed by 
dideoxy sequencing of the inverted areas using primer HIV-1 5738-5761, 
i.e. , SEQ ID NO: 16. 

5 ' -ATAAGAATTCTGCAACAACTGCTG-3 ' 
Eco-RI 
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EJto^le 5: CONSTRUCTION OF !EAT-SXPRESSIOW VECTORS USIEK5 
£30££CDLAR CLONES 

Recombinant PGR is employed to construct tat-e«pression clone with 
major HIV-1 genes truncated. The advantage of PGR recombination is that 
it is easy to construct the molecular clone(s) with precision. The steps 
used are as follows: 

(1) The tat-eKpression clone, as mentioned above, has the gag, pol 
reading frames truncated but has vpr, tat, rev and env intact. Examining 
pX, the sequences at the beginning of the gag open reading frame and the 
sequences starting from position 5320 (in the mid-frame of vif, before 
splice jiinction site 538B/5389) are as follow: 

789 825 835 942 

I Cla -II I 
HXB2 . . .ATGGGTCCGAGAGCGTCAGTATTATTCGGGGGAGAATTAGMCGMGGGAAAAA. . . 
(GAG) MGARASVLSGGELDRWEK... 
NL43 . . .ATGGGTGCGAGAGCGTCGGTATTATGCGGGGGAGAATTAGATaaATGGGAAAAA. . . 

I ^ I 

(790) (9") 

5320 5340 

HXB2 . . .AGATATAGCACACAAGTAGACCCTGAACTAGCAGACCAACTAATTCATCTGTAT. . . 
(VIF).., RYSTQVDPELADQLIHLY... 
NL43 . . .AGATATAGCACACAAGTAGACCCTGAcCTAGCAGACCAACTAATTCATCTGTAT. . . 

I ID 
(5321) (5341) 

(2) The sequences written in bold letters were arranged into one 
oligonucleotide primer. Remember that all numbering are of HXB2 clone, 
even though sometimes NL4-3 sequences are actually employed. In such 
cases, the corresponding sequences are given in parentheses . 

825 835 5320(5321) 5340(5341) 
1 Cla- I V I 
HTX 835-5320 TTA GATCGAT GATAGCACACAAGTAGACCCTG 

SEQ ID NO: 17 

TTAGATCOAT GATAGCACAC AAGTAGACCC TG 32 
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(3) Primer HTX 835-5320 was used to couple with another primer, Rvpr 
5794-5767, in the PCR reaction with pNL as the template. 

Rvpr 5794-5767 CTATOTCCACACCCAArrCTGAAATGO 

SEQ ZD MO: 18 

CTATGTCGAC ACCCAATTCT OAAATGG 27 

This- is a negative-strand primer specially designed to restore the 
-perfect" vpr reading frame by deleting a "T" at 5770 of HXB2. Compare 
this primer with the original sequences in HXB2 and NL4-3: 

HXB2 SEQ 5767 CCATTTTCACAATTCGCTGTCCACATAG 5794 (positive) 
CGTAAAACTCTTAACCCACAGCTGTATC (negative) 

Rvpr SEQ 5767 GGT-AAAGTCTTAACCCACAGCTGTATC 5794 (negative) 

NL43 SEQ 5768 CCATTTCACAATTGOGTGTCGACATAG 5794 (positive) 
NL,4J o, GCTAAAOTCTTAACCCACAGCTGTATC (negative) 

It becomes clear that primer Rvpr is actually made. of sequences of 
pNL which preserve intact and functional vpr gene. As discussed 
previously, the vpr gene has been truncated and is functionless with 
HXB2, the plasmid clone of which, pX, has been used as parental structure 
for all the antisense/riboayme proviral clones. Restoration of vpr 
function in the gene expression vector benefits the antisense/ribezyme 
viruses' ability to replicate by providing the antisense/ribozyme virus 
producer cell lines with the "weak transcriptional activator" (see Fig. 
2). That is, the use of pML sequence is to restore vpr function with the 
gene-expression vector. The inclusion of the Clal restriction site is to 
facilitate the subsequent cloning of the gene-expression vector. 
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pNL, 1 ug/tal J 
Reaction buffer, lOs » 
Tris-HCl, pH B.3 500 aM 

KCl 500 aiM 

MgC12 20 bM 

CSelatine 0.05 % 

dNTPs, 2.5 aW each 3 
HTX 835-5320, 60 ug/ml 2 ^l 

Rvpr 5794-5767, 60 ug/ml „ , 

AngsliTaq DNA polymerase, 5 u/jil 0.2 |il 

Double distilled water 36. B Ml 



50.0 (il 

Fifty cycles of thermal cycling were done, each consisting of 
94"'C for 20 seconds, 50°C for 20 seconds and 74°C for 2 minutes. 

The PGR product was 485 bps total. The main part of it was a 474-bp 
fragment from nt 5320 (pNL nt 5321) to nt 5794 (same for both clones). 
This 474-bp fragment is of NL4-3 origin, which is 1 bp shorter than and 
26 bps different from the corresponding fragment of HXB2. The PGR 
product further included at its 5' end 11 bps of HXB2 origin (nt 825-835) 
where the unique Cla-I site is located. The following shows the actual 
sequences of the PGR product. 
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SEQ ID NO: 19 

TTA GAT CGA TGATAGCACA CAAGTAGACC CTGACCTAGC AGACCAACTA 49 
Leu Asp Arg 

ATTCATCTGC ACTATTTTGA TTGTTTTTCA GAATCTGCTA TAAGAAATAC 99 

CATATTAGGA CGTATAGTTA GTCCTAGGTG TGAATATCAA GCAGGACATA 149 

ACAAGGTACG ATCTCTACy^G TACTTGCCAC TAGCAGCATT AATAAAACCA 199 

AAACAGATAA AGCCACCTTT GCCTAGTGTT AGGAAACTGA CAGAGGACAG 249 

ATC GAA CAA GCC CCA GAA GAC CAA GGG CCA CAG AGG GAG CCA TAC 294 
Set Glu Gin Ala Pro Glu Asp Gin Gly Pro Gin Arg Glu Pro Tyr 



5 



AAT GAA TGG ACA CTA GAG CTT TTA GAG GAA CTT AAG ACT GAA GCT 339 
Asn Glu Trp Thr Leu Glu Leu Leu Glu Glu Leu Lys Ser Glu Ala 

GTT AGA CAT TTT CCT AGG ATA TGG CTC CAT AAC TTA GGA CAA CAT 384 
?S Arg His Phe Pro Arg lie Trp Leu His Asn Leu Gly Gin His 
35 40 

ATC TAT GAA ACT TAC GGG GAT ACT TGG GCA GGA GTG GAA GCC ATA 429 
Jie Tyr Glu Thr Tyr Gly Asp Thr Trp Ala Gly Val Glu Ala lie 
50 55 

ATA AGA ATT CTG CAA CAA CTG CTG TTT ATC CAT TTC ACA ATT GGG 474 
?Ii aS lie Leu Gin Gin Leu Leu Phe He His Phe Arg lie Gly 
65 70 75 



TGT CGA CAT AG 
Cys Arg His Ser 
79 



485 



The first coding region at the beginning of the fragment where only 
3 amino acid residues are shovm is the carboxyl terminus of the truncated 
GAG protein. The second coding region starting at nt 250 is VPR which 
continues beyond this fragment as shown in SEQ ID NO: 20. 

(4) The PCR product together with full-length pX (prepared from dam 
methylase negative DM-1 competent cells from GIBCO BRL) were cleaved with 
Cla-1 and Sal-I simultaneously. The digest was religated with T4 DNA 
ligase and the ligation was used to transformed HBlOl as well as DM-1 
cells. Miniplasmids were screened with restriction enzyme digestion. 
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looking f r the clone where the natural Clal - Sail fragment (4955 bps) 
had been replaced by the PGR Clal - Sail fragment (470 bps). 44B4 bps 
had been deleted. The miniplasmids were cut with Bglll. The right 
deletion clone yielded a 2083 bp fragment while the two wild type 
fragments of 1522 bp (nt 473-2095) and 4945 bp (nt 2095-7040) 
disappeared. Mathematically, 6567 bp (nt 473-7040) minus 4484 bp (nt 
836-5319) equals 2083 bp. 

PGR made fragment (SEQ ID NO: 19, with the portion truncated) 
Clal Sail 

- 1 xxxxxxxxxxxxxsaatx \ 

I (deleted) | 
835 5320 

was used to replace the Clal-Sall fragment of the wild type pX, 

Clal Sail Xhol 



835 5320 5785 8896 

and yielded the recombinant truncation clone pX-CS, 

Clal Sail Xhol 
I « I.. 

- I I I XXXXXXXXX3CXXXXXXX I 

! (deleted) 



I 



635 



5320 5785 8896 



Restriction Digestion Patterns of Molecular HIV-1 (HXB2) 
Full-Length Clones and Major Subclones. 

If the exact sise of a particular fragment (band) is known, it will 
be indicated by exact number in bp (base pairs); If the exact size is not 
known, the estimated size will be indicated by kb (kilobase). Bold- type 
indicates major clones or bands of interest for the particular 
restriction enzyme digestion. 
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V = bX E = oXE Ea = pXE-a Eb = pXE-b 

Ea; = pXE-ar ibr = pXE-br N = pX-N NE = pX-N-E 

E2 = pX-E2 E = pXE XCS = pX-CS 



Clal <■ Sail 

X E 



Ea Eb Ear Ebr N NE E2 E SCS 



15.7ieb 
12.01eb 



4955 
470 



Note: This enzyme combination was used to construct pX-CS (from 
which pX-CSneo and pXneo were constructed). Compare "X" and "XCS" where 
4955 base pair band in "X" is reduced to 470 base pair band in "XCS". 

The recombinant sequences from the beginning of gag to the end of 
vpr are as follows. - 
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SEQ ID HO: 20 

ATG GGT GCG AGA GCG TCA GTA TTA TGC CGG CGA GAA TTA GAT CGA 45 
Met Gly Ala Arg Ala Ser Val Leu Ser Gly Gly Clu Leu Asp Arg 



5 



TGATAGCACA CAAGTAGACC CTCACCTAGC AGACCAACTA ATTCATCTGC 95 

ACTATTTTGA TTGTTTTTCA GAATCTGCTA TAAOAAATAC CATATTAGGA 145 

COTATAOTTA GTCCTAOGTG TGAATATCAA GCAGGACATA ACAAGCTAGO 195 

ATCTCTACAO TACTTCGCAC TAOCaVGCATT AATAAAACCA AAACUVGATAA 245 

AGCCACCTTT CCCTAGTGTT AGGAAACTGA CAGAGGACAG ATG GAA CAA GCC 297 

Met Glu Gin Ala 

CCA CAA GAC CAA CGG CCA CAG AGG GAG CCA TAC AAT GAA TGG ACA 342 
Pro Glu Asp Gin Gly Pro Gin Arg Glu Pro Tyr Aan Glu Trp Thr 
5 10 15 

CTA GAG CTT TTA GAG GAA CTT AAG ACT GAA GCT GTT AGA CAT TTT 387 
Leu Glu Leu Leu Glu Glu Leu Lys Ser Glu Ala Val Arg His Phe 
20 25 30 

CCT AGG ATA TGG CTC CAT AAC TTA GGA CAA CAT ATC TAT GAA ACT 432 
Pro Arg He Trp Leu His Asn Leu Gly Gin His He Tyr Glu Thr . 
35 40 45 

TAC GGG GAT ACT TGG GCA GGA GTG GAA GCC ATA ATA AGA ATT CTG 477 
Tyr Gly Asp Thr Trp Ala Gly Val Clu Ala He He Arg He Leu 
50 55 60 

CAA CAA CTG CTG TTT ATC CAT TTC AGA ATT GGG TGT CGA CAT AGC 522 
Gin Gin Leu Leu Phe He His Phe Arg He Gly Cys Arg His Ser 
65 70 75 

AGA ATA GGC CTT ACT CGA CAG AGG AGA GCA AGA AAT GGA GCC ACT 567 
Ara He Gly Val Thr Arg Gin Arg Arg Ala Arg Asn Gly Ala Ser 
80 S5 90 



AGA TCC TAG 
Arg Ser . 
95 



576 



In this recombinant truncation clone, "pX-CS", the gag gene is 
truncated to 15 amino acids only; a "perfect" vpr gene has been 
reinstated (by replacing- HXB2 vpr gene with NL4-3 vpr gene); while most 
of the gag gene, all of pol gene, and the 5' portion of the vif gene have 
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been deleted. Preserved ure the major 5' splice donor site 742/743, 
spLlce junction sites 5388/5389, 5452/5463, 5776/5777, 5975/5976, 
6044/6045, and 8377/8378. Tat, rev, vpr and env genes are intact. The 
nef open reading frame (orf ) is also intact, but it ia interrupted by the 
insertion of a neo{r) cassette into the unique Xhol site at nt 8896. 

(5) The neomycin resiotance cartridge from pMClneoPolyA <Stratagene) 
is inserted into the Xhol site (8896) of pX-CS. The cartridge is 1146 bp 
long between Xhol (nt 451 of pMClneoPolyA) and Sail (nt 1597 of 
pMClneoPolyA), containing the neo(r) gene from Tn5, the Herpes Simplex 
thymidine kinase promoter and the enhancer sequence from polyoma virus Py 
F441. pX-CS was digested with Xhol, and pMClneoPolyA was digested with 
Xhol ssd Sail. After killing the restriction enzymes' activities by 
heating the digests at 65 "C for 15 minutes, the two digests were mixed 
together for ligation. Sail and Xhol produce compatible restriction ends 
capable of ligating to each other, the ligation product of which, 
however, cannot be cut by either enzyme. 

(6) The ligation is then used to transform competent E. Coli HBlOl 
cells. Single colonies were picked into LBamp medium. 

- (7) Recombinant miniplasmids are digested with Bglll and Xhol 
simultaneously. 

Clones without insertion have, among others, two bands of 1276 bp 
(Bglll 7620 - Xhol 8896) and 154 bp (Xhol 8896 - Bglll 9050). Note the 
OenBank Bglll site 8085 is missing from pX. 

Clones with insertions have either a 1276 bp band and a 1300 bp band 
(154 + 1146 = 1300, right orientation), or, a 2422 bp band (1276 + 1146 = 
1957, wrong orientation) and a 154 bp band. 
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No insertion: 

1276 154 

_ . ] 1 1 — . . . 

Bglll Xhol/Xhol Bglll 
|< 1276 >|<154>| 

Insertion in right orientation: 

1276 1146 (insert) 154 

! I - >l 1 

Bglll Xhol/Xhol Sall/Xhol Bglll 
|< 1276 >|< 1300 >| 

Insertion in wrong orientation: 

1276 1146 (insert) 154 



"*"Bgill' Xhol/Sall Xhol/Xhol Bglll 
^^\<t 2422 >|<154>! 

XhoI/3QioI = Xhol end ligated to Xhol end. The ligation product can 
be recut by 3QioI. 

Sall/Xhol = Sail end ligated to Xhol end. The ligation product 
cannot be cut by either Sail or Xhol. 

The clone with 1300 bp band is chosen as HIV-l-tat-expression vector 
(pX-CSneo). The nef open reading frame has been interrupted by the 
insertion of a neo(r) cassette. 

The TAT-expression clone pX-CSneo 

Clal Sail Xhol 

1-,=,-- 

I (deleted) | | I 
835 5320 5785 8896 

A 
/ \ 
/ Neo(r) \ 

Xhol Sail 

(451) insert | (1597) 
I 

BaniHI 
(1591) 
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The binding together of the neomycin resistance gene and the tat 
gene assures the entry of both genes into the cells at the same time, 
transforming the cells into neomycin resistance and tat expression 
simultaneously. By including antibiotic 0418 in the cell culture medium, 
every surviving cell produces TAT protein, capable of supporting the 
production of the antisense/ribozyme viruses. 

(9) As control, a tat(-) but neomycin ( r )(♦ ) clone is constructed 
from pX-CSneo. pX-CSneo is simultaneously digested with Sail (cut HIVl 
nt 5785 only) and Xhol (cuts the ligation junction HIVl nt e896-XhoI and 
pMCneoPolyA nt 452-XhoI. but does not cut the ligation junction between 
pMCneoPolyA nt 1597-SalI and HIVl nt B897-XhoI, the latter junction is 
not be cut by Sail either). Religation of the fragments is used to 
transform competent E. Coli HBIOI. Miniplasmids are screened for the 
clone with Sail (5785) to Xhol (8896) fragment (3111 bp) deleted. This 
clone basically carries two HIV-1 LTRs with the neo(r) gene in between. 
It is named pX-neo. 



The TAT-expression control clone pX-neo 

Sail Xhol 

I I 
-I I |XXXXX3CX3CXXSXXXXXX| 1 xxxxxxxxxxxxx | 1. 

1 (deleted) | ', (deleted) | 

835 5320 5785 8895 

A 

/ \ 



/ Neo(r) \ 

Xhol Sail 

(451) insert | (1597) 
I 

BamHI 
(1591) 



ExaBDle 6: CONSTRUCTIOH OF TAT-EXPRESSION GLOME USIMCS 
NON-HIVl VECTOR 

The aforementioned truncation tat-expression vectors employ 
identical promoter/enhancer systems with HIV-1 antisense/ribozyme 
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proviral clones. Tat-escpression vectors using other promoters were also 
constructed. This is done by inserting the tat coding sequence into one 
of many gene expression vectors such as Si^eo. SFneo contains spleen 
focus forming virus (SFFV) LTR as the promoter to drive the inserted gene 
to escpress protein. SFneo also contains a neomycin resistance geae 
expression cassette [Weo(r)], enabling the transformed cells to grow in 
the presence of antibiotic G418. Since the tat and rev coding regions 
overlap with each other, it was decided that both coding frames be kept 
intact. It was also decided that the two exons of the coding frame be 
linked together before being inserted into the expression vector. The 
two halves of the coding regions are as follows: 



The first exon: 

Eco -I . . • Vsa .Sal -I 

ATAATAAOMTTCTOTAACAACTGCTGTTTATCCATTTTCAGAATTGGGTGTC^ 5794 



CAGAATAGGCGTTACTCGACAGAGGAGAGCAAGAAATGGAGCCAGTAGATCCTAGACTAG 5854 

(TAT) MEPVDPRL 

AGCCCTGGAAGCATCCAGGAAGTCAGCCTAAAACTGCTTGTACCAATTGCTATTGTAAAA 5914 
EPWKHPCSQPKTACTNCYCK 

AGTCTTGCTTTCATTGCCAAGTTTGTTTCATAACAAAAGCCTTAGGCATCTCCTATGGC 5974 
KCCFHCQVCFITKAL Gl SY G 

(REV) M A 

\/sa . . Sac -I . . Hindi II . 

GGAAGAAGCGGAGACAGCGACGAAGAGCTCATCAGAACAGTCAGACTCATCAAGCTTCTC 6034 
RKKRRQRRRAHQNSQTHQA S 
GRSGDSDEELIRTVRLIKLL 

6044 

TATCAAAGCA 
L S K Q 
Y Q S 
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The second e»on: 

\/sa . • • • 

ACCCACCTCCCAACCCCGACGGGACCCGACACGCCCCAAGGAATAGAACA 8427 

(TAT) PTSfiPRCDPTGPKE 
(REV) NPPPNPEOTRQARRNRR 
. . . Bam-HI . 

AGAAGGTGGAGAGAGACACAGAGAC^GATCCATTCGATTAGTGAACGGATCCTTGGCACT 8487 

RRWRERQRQIHSISERILGT 

TATCTGGGACCATCTGCGGAGCCTCTGCCTCTTCAGCTACCACCGCTTGAGAGACTTACT 8547 

Y LGRSAEPVPLQLPPLERLT 

• • • • • 

CTTCATTCTAACCAGCACTGTGGAACTTCTOTGACCCAGGGGGTGGG^^ 8607 
LDCNEDCGTSGTQGVGSPQI 

TTGGTGGAATCTCCTACAGTATTGGAGTCAGGAACTAAAGAATAGTGCTG^ B667 

LVESPTVLESGTKE 

CAATGCCACAGCC ^^^^ 

Note: The numbers given on right side of the sequences are 1:he 
original position for the last base of that line. TAT and REV proteins 
are lined up with their coding nucleotide sequences. Also given are 
splice donor (sd) and splice accepter (sa) sites, as well as some 
important restriction sites. 

For easy demonstration of the procedures by which the two parts of 
the genes are linked together, the protein sequences are removed and thi 
complementary DNA sequences are added. 
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The first exon: 

ECO -I . . ■ Vsa .Sal -I 

ATAATAAGAACTCTGCAACAACTC«:TGTTTATCCATTTTCAGAA 5794 

TATTATTCTTAAGACCrrTGTTGACCTCAAA 

• • • • • 

CAGAATAGGCGTTACTCGACACAGGAGAGCAAGAAATGGAGCCAGTAGATCCTAGACTAG 5854 

GTCTTATCCGCAATGAGCTGTCTCCTCTCCTTCTTTACCTCGGTCATCTAGGATCTGATC 

ACCCCTGGAAGCATCCAGGAAGTCAGCCTAAAACTGCTTGTACCAATTGCTATTGT AAAA 5914 
TCGGGACCTTCGTAGGTCCTTCAGTCCGATTTTGACGAACATGGTTAACGATAACATTTT 

AGTGTTGCTTTCATTGCCy^GTTTGTTTCATAACAAAAGCCaTAGGCATCTCCTAT^^ 5974 
TCACAACGAAAGTAACGGTTCAAACAAAGTATTGTTTTCGGAATCCGTAGAGGATACC^ 
wga . . Sac -I . . Hindlll . 

GGAAGAAGCGGAGACAGCGACCAAGAGCTCATCAGAACAGTCAGACTCATCMGCT^ 6034 
CCTTCTTCGCCTCTGTCGCTGCTTCTCGAGTAGTCTTGTCAGTCTGAGTAGTTCGAAGAG 

TATCAAAGCA 
ATAGTTTCGT 

The second exon: 

\/S£l , • • ■ • 

ACCCACCTCCCAACCCCGAGGGGACCCGACAGGCCCGAAGGAATAGAAGA 842 7 
TGGGTGGAGGGTTGGGGCTCCCCTGGGCTGTCCGGGCTTCCTTATCTTCT 

Bsun-HI 

AGAAGGTGGAGAGAGAGACAGAGACAGATCCATTCGATTAGTGAACGGATCCTTGGCACT- 8487 
TCTTCCACCTCTCTCTCTGTCGCTGTCTAGGTAAGCTAATCACTTGCCTAGGAACCGTGA 

TATCTGGGACGATCTGCGGAGCCTGTGCCTCTTCAGCTACCACCGCTTGAGAGACTTACT 8547 
ATAGACCCTGCTAGACGCCTCGGACACGGAGAAGTCGATCGTGGCGAACTCTCTGAATGA 

• ••'•* 
CTTGATTGTiACGAGGATTGTGGAACXTCTGGGACGCAGGGGGTGGGAAGCCCTC^ 8607 

GAACTAACATTGCTCCTAACACCTTGAAGACCCTGCGTCCCCCACCCTTCGGGAGTTTAT 

TTGGTGGAATCTCCTACAGTATTGGAGTCAGGAACtfAAAGAATAGTGCTGT^ BS67 
AACCACCTTAGAGGATGTCATAACCTCAGTCCTTGATTTCTTATCACGACAATCGAACGA 

CAATGCCACAGCC 
GTTACGGTGTCGG 

PGR was employed to accomplish the linkage. The PGR protocol used is 
"bridging PGR". The protocol was designed to link together at precise 
positions two segments of originally separated DNA and to amplify the 
linked sequences with the same PGR reaction in the same tube. A critical 
feature of "bridging PGR" is to include three (or more) primers in the 
PGR reaction: two ordinary primers to anneal to either end of the linked 
fragment, and one (or more) "bridging primer" to span the intended areas 
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of linking. A "bridging primer" can be either orientation, but 
anplification aay be more efficient if it points to the shorter half of 
the linked fragment. 

For linking together the two exons of tat and rev genes, the three 
primers are designed as follows. 

5 '-end primer: HTX 573B, i.e., SEQ ID NO: 16 
Eco RI 

AXAAGAAXTCXGCAACAACTGCIG 
j 573B-5761 >| 

"Bridging primer": HTX 6044-B378 
Hind-Ill 

I 6025-6044 > 8378-8397 >| 

SEQ ID N0:21 

CAAGCTTCTC TATCAAAGCA ACCCACCTCC CAACCCCGAG 40 

3 '-end primer: HTX 8670, i.e., SEQ ID NO: 14. The_3 bases underlined 
has been changed to accommodate an EcoRI site. 

Eco-RI 

TTGAGAACTCTAACAGCACTM!TCTTXAG 

I 8670-8642 >| 
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The primers, in bold- type letters, anneal to the sequences at 
positions: 

Eco RI EE3C 5738 e t t 

AT«SJSt!SgSSJSJgSSrTi«caiTTTiA^?TC^^ 5794 




TScAACGAAAGTAACGGTTCAAACAAAGTATTCrrTTTCro^ 



Hindi I I 




TATCAAAGCA 7 g044 

TATCAAACCA / ° 
ATACTTTCCT 
/ 

/ 

/" EEX 6044-B378 



- - AOCCACCICCCAACCCCGAG 
• ACCCACCTCCCAACCCCGACCGGACCCGACAGCCCCCAACGAATAGAAGA 8427 

TCGCTOOAGGGTTOGCCCTCCCCTGGCCTCTCCGGGCTTCCTTATCTTCT 

Bant-BI 




TATCTGGGACGATCTGCGGAGCCTGTGCCTCTTCy\GCTACXy^a:GCTTGAGAGAOT 8547 
ATAGACCCTGCTACACGCCTCGGACACGGAGAAGTCGATGGTGGCGAACTCTCTGAATGA 

CrrGATTGTAACGACGATTGTGGAACnTCTCCGACGCAGGGGGTGGGAA«:CCTC»*A 8607 
CAACTAACATTGCTCCTAACACCTTCAAGACCCTCCGTCCCCCACCCTTCOGGAGTTTAT 

TTGGTGGAATCTCCTACAGTATTGGAGTCAGGAACTAAAGAATAGTGCTGTTAGCTTGCT 8667 
AACCACCTTAGAGGATGTCATAACCTCAGTCCTTGATTTCTTATCACGACAATCMAOT^ 

GATTTCTTATCftCGACAATCOTAAGA 
HIX 8670 

ogon 

CAATGCCACAGCC 
GTTACGGTGTCGG 
GTT 
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The -bridging primer" (HTX 6044-8378, 40 mer) was composed of the 
sequence 6025-6044 (20 mer) and the sequence 837B-8397 (also 20mer), 
pointing down towards the 3 '-end of HIV genome. Although the "bridging 
primer" also anneals to the negative strand at the positions of 
6025-6044, only when it bound to the position 8376-8397 can the 
polymerization (elongation) be initiated. Therefore the "bridging 
primer" pairs with the 3 '-end primer (8670-8642) to amplify the fragment 
from 8378 to 8670 plus 20 base pairs corresponding to the positions 
6025-6044, totaling 312 base pairs in length. When there are more 3 '-end 
primer than the "bridging primer", more negative strands (initiated by 
3 '-end primer) than positive ones (initiated by "bridging primer") are 
amplified. The negative strands would carry at their 3 '-ends the 
««mplementarv sequence to the "bridging primer." The very 3 '-end of 
these single- stranded DNA would anneal to the positive strands at 
position 6025-6044 of the original templates or to the single-stranded 
DNA initiated by the 5' -end primer (5738-5761). As soon as the "bridging 
primer complementary sequence" -initiated DNA elongation reached the 
positions 5738-5761, the two fragments are physically linked together. 
From then on the amplification depends only on two primers annealing to 
either end of the linked fragment. The events are illustrated as 
follows: 
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"B" = "Bridging primer", HTX 6044-8378 
5' = 5 '-end primer, HTX 5738 
3» s 3 '-end primer, HTX 8670 

"B" 

/ / \ \ 
5' / / \ . \ 



/ / \ \ 

-^+++///. • ./////==- 
-++++///. . ./////==- 



I PGR 

V 

-++++///• • • 
-++++///• • • 

.../////= 

..-/////==== 
.../////= 
I 

I PGR 

V 



3' 
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-++++///• 



"Bridging PGR" reaction aystemj 

pX, 1 ug/ml I Ml 

Reaction buffer, lOx ^ Mi 

Tris-HCl, pH 8.3 500 mM 

KCl 500 HiM 

MgC12 20 mM 

Gelatine 0.05 % 

dNTP's, 2.5 mM each 3 Mj- 

5 '-primer, HTX 5738-5761, 60 ug/ml 2 ul 

3 '-primer, HTX 8670-8642, 60 ug/ml 2 ^1 

•*B'*primer, HTX 6044-8378, 6 ug/ml 2 ^l 

AmpliTaq DNA polymerase, 5 u/nl 0.2 m1 

(from Perkin Elmer Cetus) 

Double distilled water 34.8 ^l 

50.0 \il 
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The thermal cycling setting was 50 cycles, each 
consisting of 94°C for 20 seconds, 54°C for 20 
seconds and 74"C for 60 seconds. 

The aa?)lified fragments would have the sequences 5738-6044 (307 bp) 
and 8378-8670 (293 bp) linked into one piece (600 bp) containing 
full-length tat and rev sequences in continuation. 

Eco -I . • • Vsa .Sal -I 

ATAAGMTTCTGCAACAACTCCTGTTTATCCATTTTCAGAATTGGCrTSE^ATAG 5794 
TATTCTfAACACCTTGfTTGACGTCAAATAGGTAAAAGTCTTAACCCACAOCTCTATC 

. • • • * 

CAGAATACGCCTTACTCGACACAOGACAGCAAGAAATCGAGCCACTACATCCTAGACTAG 5854 

GTCTTATCCCCAATGAGCTGTCTCCTCTCGTTCTTTACCTCGGTCATCTAGGATCTGATC 

AGCCCTGGAAGCATCCyiGGjAGTCAGCCTAAAACTGCTTCTACCAATTGCTATTGT^^ 5914 
TCGGGACCTTCGTAGGTCCTTCAGTCGGATTTTCACCAACATGCTTAACGATAACATTTT 



AGTGTTGCTCTCATTGCCAAGTTTGTTTCATAACAAAAGCCrrAGGCATCT 5974 
TCACAACGAAAGTAACGGTTCAAACAAAGTATTGTTTTCGGAATCCGTAGAGGATACCGT 

\/sa . Sac -I . • Hindi 1 1 . 

TCAAGAAGCroAGACAGCGACGAAGAGCTCATCAGAACAGTCAGACTCATCAAGCTTCTC 6034 
CCTTCTTCGCCTCTGTCGCTGCTTCTCGAGTAGTCTTGTCAGTCTGAGTAGTTCGAAGAG 

6044 8378 

TATCAAAGCAACCaVCCTCCCAACCCCGAGKXSGACCroACAGGCCCGAAOTAATAGAA^ 8427 
ATAGTTTCGTTGGGTGGAGGGTTGGGGCTCCXrCTGGGCTGTCCGGGCTTCCTTATCTTCT 

Bam-EI 

AGAAGGTGGAGAGAGAGACAGAGACACATCCATTCGATTAGTGAACGGATCCTTGGCACT 8487 
TCTTCCACCTCTCTCTCTGTCGCTOTCTAGGTAAGCTAATCACTTGCCTAOOAACCGTGA 

TATCTGGGACGATCTGCGGAGCCTGTGCCTCTTCAOCTACCACCGCXTGAGAGACTTACT 8547 
ATAGACCCTGCTAGACGCCTCGGACACGGAGAAGTCCATGGTCGCGAACTCTCTGAATGA 

• • * 

CTTGATTGTAACGAGGATTGTGGAACTTCTCGGACGCAGGGGGTGGGAAGCCCTCAAATA 8607 
GAACTAACATTGCTCCTAACACCTTGAAGACCCTGCGTCCCCCACCCTTCGGGAGTTTAT 
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Eco-RI . 



TTTCTGGAATCTCCTACAGTATTCGACTCACWAACTAAAGAATAGTGCTCrrTACAA^^ 8667 
AACCACCTTAGAGGATGTCATAACCTCAGTCCTTGATTTCTTATCACGACAATCTTAAGA 

CAA 8570 

CTT 

SEQ ID NO: 22 (without coding information) 

ATAAGAATTC TGCAACAACT GCTGTTTATC CATTTTCACA ATTGGGTCTC 50 

GACATAGCAG AATACGCCTT ACTCGACAOA CGAGAGCAAG AAATGGAGCC 100 

AGTAGATCCT AGACTAGAGC CCTGCAAGCA TCCAGGAAGT CAGCCTAAAA 150 

CTGCTTGTAC CAATTGCTAT TGTAAAAAGT GTTGCTTTCA TTGCCAAGTT 200 

TGTXTCATAA CAAAAGCCTT AGGCATCTCC TATGGCAGGA AGAAGCGGAG 250 

ACAGCGACGA AGAGCTCATC AGAACAGTCA GACTCATCAA GCTTCTCTAT 300 

CAAAGCAACC CACCTCCCAA CCCCGAGGGG ACCCGACAGG CCCGAAGGAA 350 

TAGAAGAAGA AGGTCGAGAG AGAGACAGAG ACAGATCCAT TCGATTAGTG 400 

AACGGATCCT TGGCACTTAT CTGGGACGAT CTGCCGAGCC TGTGCCTCTT 450 

CAGCTACCAC CGCTTGAGAG ACTTACTCTT GATTGTAACG AGGATTGTCG 500 

AACTTCTGGG ACGCAGGCGG TGGGAAGCCC TCAAATATTG GTGGAATCTC 550 

CTACAGTATT GGAGTCACGA ACTAAAGAAT AGTGCTGTTA GAATTCTCAA 600 
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SEQ ID NO: 22 (with TAT protein sequence) 

ATAACAATTC TCCAACAACT CCTCTTTATC CATTTTCAGA ATTGGGTCTC 50 

GACATAGCAG AATACGCOTT ACTCGACACA GGAGAGCAAG AA ATG GAG CCA 101 

Net Glu Fro 

GTA GAT CCT AGA CTA GAG CCC TOO AAG CAT CCA GGA AGT CAG CCT 146 
Val Abp Pro Arg Leu Glu Pro Trp Lys His Pro Gly Ser Gin Pro 
5 10 15 

AAA ACT CCT TGT ACC AAT TCC TAT TGT AAA AAG TGT TGC TTT CAT 191 
LvB Thr Ala Cya Thr Asn Cys Tyr Cys Lys Lys Cys Cys Phe His 
20 25 30 

TGC CAA GTT TGT TTC ATA ACA AAA GCC TTA GGC ATC TCC TAT GGC 236 
Cvs Gin Val Cys Phe lie Thr Lys Ala Leu Gly He Ser Tyr Gly 
35 40 45 

AGG AAG AAG CGG AGA CAG CGA CCA AGA GCT CAT CAG AAC AGT CAG 281 
Arg Lys Lys Arg Arg Gin Arg Arg Arg Ala His Gin Asn Ser Gin 
50 55 60 

ACT CAT CAA GCT TCT CTA TCA AAG CAA CCC ACC TCC CAA CCC CGA 326 
Thr His Gin Ala Ser Leu Ser Lys Gin Pro Thr Ser Gin Pro Arg 
65 70 75 

GGG GAC CCG ACA GGC CCG AAC GAA TAGAAGAAGA AGGTGGAGAG 370 
Gly Ar- Pro Thr Gly Pro Lys Glu 

g< 85 

ACJAGAC; :.:AG ACAGATCCAT TCGATTAGTG AACGGATCCT TCGCACTTAT 420 

CTGGGACGAT CTGCGGAGCC TGTGCCTCTT CAGCTACCAC CGCTTGAGAG 470 

ACTTACTCTT GATTGTAACG AGGATTGTGG AACTTCTGGG ACGCAGGGGG 520 

TGGGAAGCCC TCAAATATTG GTGGAATCTC CTACAGTATT GGAGTCAGGA 570 

ACTAAAGAAT ACTGCTGTTA OAATTCTCAA 600 
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SEQ ID NOs22 (with REV protein sequence) 

ATAAGAATTC TGCAACAACT GCTCTTTATC CATTTTCAGA ATTGGCTCTC 50 

GACATACCAO AATAGGCCTT ACTCGACAGA GGAGAGCAAG AAATGGAGCC 100 

AGTAGATCCT AGACTAGAGC CCTGCAAGCA TCCACGAAGT CAGCCTAAAA 150 

CTCCTTOTAC CAATTGCTAT TCTAAAAAGT GTTGCTTTCA TTGCCAAGTT 200 

TGTTTCATAA CAAAAGCCTT AGGCATCTCC T ATG GCA GGA AGA AGC GGA 249 

Met Ala Cly Arg Ser Gly 
5 

GAG AGC GAC CAA GAG CTC ATC AGA ACA GTC AGA CTC ATC AAG CTT 294 
Asp Ser Asp Glu Glu Leu lie Arg Thr Val Arg Leu He Lys Leu 
*^ 10 15 20 

CTC TAT CAA AGC AAC CCA CCT CCC AAC CCC GAG CGG ACC CGA CAG 339 
Leu Tyr Gin Ser Asn Pro Pro Pro Asn Pro Glu Gly Thr Arg Gin 
25 30 35 

GCC CGA AGG AAT AGA AGA AGA AGG TGG ACA GAG AGA CAG AGA CAG 384 
Ala Arg Arg Asn Arg Arg Arg Arg Trp Arg Glu Arg Gin Arg Gin - 
40 45 

ATC CAT TCG ATT ACT GAA CGG ATC CTT GCC ACT TAT CTG GGA CGA 429 
He His Ser He Ser Glu Arg He Leu Gly Thr Tyr Leu Gly Arg 
55 60 65 

TCT GCG GAC CCT GTG CCT CTT CAG CTA CCA CCG CTT GAG AGA CTT 474 
Ser Ala Glu Pro Val Pro Leu Gin Leu Pro Pro Leu Gin Arg Leu 
70 75 80 

ACT CTT GAT TGT AAC GAG GAT TGT GGA ACT TCT GGG ACG CAG GGC 519 
Thr Leu Asp Cys Asn Glu Asp Cys Gly Thr Ser Gly Thr Gin Gly 
85 90 '5 

GTG GCA AGC CCT CAA ATA TTC GTG GAA TCT CCT ACA GTA TTG GAG 564 
Val Gly Ser Pro Gin He Leu Val Glu Ser Pro Thr Val Leu Glu 
100 105 110 

TCA GGA ACT AAA GAA TAGTGCTCTT AGAATTCTCA A 6°° 
Ser Gly Thr Lys Glu 
115 



The EcoRI fragment (586 bp) of the PCR product is inserted into E( 
RI site of SFneo (see Figure 5). The recombinant plasraid are screened 
with Sal- I enzyme digestion. The plasraid without the insert yield a 
single band of 7227 bps (SFneo only). Plasmid with inserts show two 
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bands, the smaller of which ia either 743 bps (insertion in right 
orientation) or 1247 bps (insertion in wrong orientation). The 
recombinant plasmid in right orientation, SEneo-t/r(*) (stands for 
tat/rev positive or sense) is advantageously chosen as the complemental 
gene expression vector for antisense/ribozyme proviral clones. The one 
in vrong orientation, «SEneD-V?(-)''( stands for tat/rev negative or 
antisense), is used in the experiments of vector-expressed antisense 
tat-rev RNA inliibition of wild type HIV-1 viruses. 

E = EcoRI 
S = Sail 

Insertion in right orientation lSFneo-t/r( + )] : 

E S £ 

|43|< 543 >\ 

tat/rev insert — ' ' 

\ — > / 
\ / 
\ / 

SFFV LTR V Poly A 

SFneo 



|< 700 >| 

S E 



Insertion in wrong orientation [ SFneo- t/r (-) 1 : 

E S E 

i< 543 >|43i 

tat/rev insert — 

\ — 

\ / 
\ / 

SFFV LTR V ^ o^Y ^ 

SFneo 



|< 700 >| 

S E 



Example 7: CONSTRUCTION OF TAT-EXPRESS ION VECTORS CONTAINING 

CONTAINING CHEKICALLY SYNTHESIZED TAT ENCODING SEQUENCE 

With gene-expression vectors constructed by the above-mentioned 
protocols, either driven by HIV-1 or another promotor, there exists the 
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p BSlbllity that the antisenae RNA transcribed from the 
antiaenae/ribozyne clones will bind and inactivate the aenae tat mRNA 
from the gene-expression vectors. This potential problem rests on the 
one-hundred-percent sequence complementation between the tat's in 
antisense/ribozyne molecular clones and that in the gene expression 
vectors. If this occurs, there may not be enough TAT protein available 
for efficient replication of antisense/ribozyme viruses. 

Proteins are composed of amino acids which in turn are encoded by 
nucleotide triplets. The fact that most amino acids (except methionine 
and tryptophan) are encoded by more than one nucleotide triplet creates 
the possibility of diversifying nucleotide sequence while keeping the 
amino acid sequence unchanged for a particular protein. 

The following shows one of the diversifications for 
tat-protein-eoding nucleotide sequences. The first line shows the 
original tat nucleotide sequence {HXB2); the second the amino acid 
sequence; and the third the diversification of tat nucleotide sequence. 
Of the 87 codons, all except two (the initiator methionine and the 
eleventh residue tryptophan) can be altered at at least one base. 8 
arginines and 3 leucines can be changed at two bases. The 7 serines can 
be changed at all three bases. The stop codon too can be changed at two 
bases. In total, 111 out of 261 (42.5%) nucleotides can be changed, 
enough to nullify complementation. 
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ATO GAG CCA GTA GAT CCT AGA CTA GAG CCC TOG AAG CAT CCA GGA ACT 
MEPVDPRLEPWK. HPG5 

ATG GAA CCT GTG GAC CCA CGT TTG GAA CCA TGG AAA CAC CCT GGT TCA 

CAO CCT AAA ACT GCT TGT ACC AAT TGC TAT TOT AAA AAG TOT TOC TTT 
OPKTACTNCYCKKCCF 

CAA CCA AAG ACA OCA TOC AGO AAC TGT TAC TGC AAG AAA TGC TOT TTC 

************* 

CAT TOC CAA GTT TOT TTC ATA ACA AAA GCC TTA OOC ATC TCC TAT OGC 

HCOVCFITKALOI sxe 
CAC TGT CAG GTA TGC TTT ATT ACT AAG OCA CTT OGC ATT ACT TAC GGA 

AGO AAG AAG COG AGA CAG CGA CGA AGA GCT CAT CAG AAC AGT CAC ACT 

s KKRRQRRRAHQNSB-l- 
CGT AAA AAA AGA CGT CAA AGO AGO CGT GCA CAC CAA AAT TCA CAA ACA 

*« * ***** ******* * * * * 

CAT CAA OCT TCT CTA TCA AAG CAA CCC ACC TCC CAA TCC CGA CGG GAC 

clc C^G g5a A§c T^O act AAA CAg'cCG ACG ACT CAG ACT AGG OGC GAT 
* * ft *** * * *** * * * ft *** * *** * * 



CCG ACA OOC CCG AAG GAA TAO 

p T 0 P K E * 
CCT ACT GGG CCC AAA GAG TGA 
* * ft ft ft * ** 



Since the expression vectors will also be utilized for the 
production of antisense-riboayne viruses (ARV), care has been taken to 
nullify the potential ribozyme target sites, in order to avoid the 
binding of diversified tat nRNA by ribozymea expressed by the ARVs. 
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Removing the original nucleotide sequence: 



H 
ATG 


E 
GAA 


P 
CCT 


V 
GTG 


D 


P 


R 


L 


E 


P 
CCA 


W 
TGG 


K 
AAA 


E 
CAC 


P 
CCT 


G S 
GGT TCA 


Q 
CAA 


P 
CCA 


K 
AAG 


T 
ACA 


A 
GCA 


C 
TGC 


T 
ACG 


AAC 


c 

TGT 


Y 
TAC 


C 
TGC 


K 
AAG 


K 
AAA 


C 
TGC 


C F 
TGT TTC 


H 
CAC 


C 
TCT 


Q 

CAG 


V 
GTA 


C 
TGC 


F 
TTT 


I 

ATT 


T 
ACT 


K 
AAG 


A 
GCA 


L 
CTT 


G 
GGG 


I 

ATT 


S 
AGT 


Y G 
TAC GGA 


R 
CGT 


K 
AAA 


K 
AAA 


R 
AGA 


R 
CGT 


Q 
CAA 


R 
AGG 


R 
AGG 


R 
CCT 


A 
GCA 


H 
CAC 


Q 
CAA 


N 
AAT 


S 
TCA 


Q T 
CAA ACA 


H 
CAC 


8 
CAG 


A 
GCA 


S 
AGC 


L 

TTG 


S 
AGT 


K 
AAA 


Q 
CAG 


1 F 
CCG 


T 
ACG 


S 
AGT 


Q S R G D 
CAGf ACT AGG GGC GAT 


P 
CCT 


T 
ACT 


G 
GGG 


P 
CCC 


K 
AAA 


E 
GAG 


TGA 



















Removing the amino acid sequence as well. This is the diversified 
HIV-1 tat gene to be synthesized chemically. 

ATC CAA CCT GTG CAC CCA CGT TTC CAA CCA TGG AAA CAC CCT CGT TCA 
CAA CCA AAG ACA CCA TGC ACG AAC TGT TAC TGC AAG AAA TGC TGT TTC 
CAC TGT CAG GTA TGC TTT ATT ACT AAG GCA CTT GGG ATT AGT TAC GGA 
CCrr AAA AAA AGA CGT CAA AGG AGG CGT CCA CAC CAA AAT TCA CAA ACA 
CAC CAG GCA AGC TTG AGT AAA CAG CCG ACG AGT CAG AGT AGG GGC GAT 
CCT ACT GGG CCC AAA GAG TCA 

To facilitate the post- synthesis gene construction, to each end was 
added a 12 -base tail which contains an EcoRI restriction enzyme site: 



-130- 



wo 94/035!>6 



PCr/US93/07179 

























GTC 


GGA ATT 


CAC 


ATG 


GAA 


CCT CTG 


GAC 


CCA 


CGT 


TTG 


GAA 


CCA 


TGG 


AAA 


CAC 


CCT 


GGT 


TCA 


CAA 


CCA 


AAG ACA 


GCA 


TGC 


ACG 


AAC 


TGT 


TAC 


TCC 


AAG 


AAA 


TGC 


TCT 


TTC 


CAC 


TCT 


CAG GTA 


TCC 


TTT 


ATT 


ACT 


AAG 


GCA 


CTT 


GGG 


ATT 


AGT 


TAC 


GGA 


CGT 


AAA 


AAA AGA 


CGT 


CAA 


AGG 


AGG 


CGT 


CCA 


CAC 


CAA 


AAT 


TCA 


CAA ACA 


CAC 


CAG 


GCA AGC 


TTG 


AGT 


AAA 


CAG 


CCG 


ACG 


AGT 


CAG 


AGT 


AGG 


GGC 


GAT 


CCT 


ACT 


GGG CCC 


AAA 


GAG 


TCA 


CAG AAT TCC 


GAG 













This is the whole artificial gene of diversification to be 
synthesized chemically. 

SEQ ID NO: 23 

GTCGGAATTC AC ATG GAA CCT GTG GAC CCA CGT TTG GAA CCA TGG 45 
Met Glu Fro Val Asp Pro Arg Leu Glu Pro Trp 
5 10 

AAA CAC CCT CGT TCA CAA CCA AAG ACA GCA TGC ACG AAC TGT TAC 90 
Lys His Pro Gly Ser Gin Pro Lys Thr Ala Cys Thr Asn Cys Tyr 
15 20 25 

TGC AAG AAA TGC TGT TTC CAC TGT CAG GTA TGC TTT ATT ACT AAG 135 
Cys Lys Lys Cys Cys Phe His Cys Gin Val Cys Phe lie Thr Lys 
30 35 40 

GCA CTT GGG ATT AGT TAC GGA CGT AAA AAA AGA CGT CAA AGG AGG 180 
Ala Leu Gly lie Ser Tyr Gly Arg Lys Lys Arg Arg Gin Arg Arg 
45 50 55 

CGT GCA CAC CAA AAT TCA CAA ACA CAC CAG GCA AGC TTG AGT AAA 225 
Arg Ala His Gin Asn Ser Gin Thr His Gin Ala Ser Leu Ser Lys 
60 65 70 

CAG CCG ACG AGT CAG AGT AGG GGC GAT CCT ACT GGG CCC AAA GAG 270 
Gin Pro Thr Ser Gin Ser Arg Gly Asp Pro Thr Gly Pro Lys Glu 
75 80 85 

TGACAGAATT CCGAG 285 

A PGR strategy was developed for the synthesis of the artificial 
gene. To demonstrate, complementary sequence is added to the diversified 
gene below: 
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Eco-RI 
GTC GCSA AXT 
CAG CCT TAA GTG 



Nco-I 

ATC? GAA CCT GTG GAC CCA CGT TTG GAA CCA TGG AAA CAC CCT GGT TCA 
TAC CTT CGA CAC CTC GGT GCA AAC CTT GGT ACC TTT GTG GGA CCA ACT 

Sph-I 

CAA CCA AAO ACA GCA TGC ACG AAC TGT TAC TGC AAG AAA TGC TGT TXC 
GTT GGT TTC TGT CGT ACG TGC TTG ACA ATG ACG TTC TTT ACG ACA AAG 

CAC TGT CAG GTA TGC TTT ATT ACT AAG GCA CTT GGG ATT ACT TAC GGA 
GTG ACA GTC CAT ACG AAA TAA TGA TTC CGT GAA CCC TAA TCA ATG CCT 

Apa-LI 

CGT AAA AAA AGA CGT CAA AGG AGG CGT GCA CAC CAA AAT TCA CAA ACA 
GCA TTT TTT TCT GCA GTT TCC TCC GCA CGT GTG GTT TTA ACT GTT TCT 

CAC CAG GCA AGC TTG ACT AAA CAG CCG ACG ACT CAG ACT AGG GCC GAT 
GTG GTC CGT TCG AAC TCA TTT GTC GGC TGC TCA GTC TCA TCC CCG CTA 

Apa-I Eco-RI 
CCT ACT GGG CCC AAA GAC TGA CAG AAT TCC GAG 
GGA TGA CCC GGG TTT CTC ACT CTC TTA AGG CTC 

For the effectiveness of the synthesis, the whole fragment totaling 
285 base pairs is broken down and synthesized as six oligonucleotides, 
each has a 15-baso overlap with the adjacent oligonucleotides, because 
the middle oligo oveilap with two other oligos. 

1 . CTCGGAATTCACATGGAACCTGTGGACCCACGTTTGGAACCATGGAAACACCCTGGTTCA 

2 . ACAGCATTTCTTGCAGTAACAGTTCCTGCATGCTCTCTTTGGTTGTGAACCAGGGTGTTT 

3 . TGCAAGAAATGCTCTTTCCACTCTCAGGTATGCTTTATTACTAAGGCACTTGGGATTACT 

4 . ATTTTGGTGTGCACGCCTCCTTTGACGTCTTTTTTTACGTCCGTAACTAATCCCAACTCC 

5 . CGTGCACACCAAAATTCACAAACACACCAGGCAAGCTTGACTAAACAGCCGACGAGTCAG 

6 . CTCGGAATTCTGTCACTCTTTGGGCCCAGTAGCATCGCCCCTACTCTGACTCGTCGGCTG 
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SEQ ID WO: 24 (#1) 

GTCGGAATTC ACATGGAACC TCTGGACCCA CCTTTGGAAC CATGGAAACA 



50 



CCCTGGTTCA 



60 



SEQ ID NO: 25 («2) 

ACAGCATTTC TTCCACTAAC AGTTCCXGCA TCfCTGTCTTT GGTTGTGAAC 



50 



CAGGGTCTTT 



60 



SEQ ID NO £26 («3) 

TGCAAGAAAT CCTCTrTXCCA CTGTCAGCTA TGCTTTATTA CTAAGGCACT 



50 



TGGGATTAGT 



60 



SEQ ID N0:27 (#4) 

ATTTTGG" ^' GCACGCCTCC TTTGACGTCT TTTTTTACGT CCGTAACTAA 



50 



T^'CCAAr:: J 

:.::2 ID NO: 28 (#5) 

CGTGCACACC AAAATTCACA AACACACCAG GCAAGCTTGA GTAAACAGCC 50 
GACGAGTCAG 60 
SEQ ID NO: 29 (#6) 

GTCGGAATTC TGTCACTCTT TGGGCCCAGT AGCATCGCCC CTACTCTGAC 50 
TCGTCGGCTG SO 

The corresponding positions of the oligonucleotides are shown in 
bold-type or underlined in the sequence below. Also shown are the 
overlapping areas of the adjacent oligonucleotides. 
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(STC QCSh AXT ChC 
CAO CCT TAA GTC 

1— > 

TAG C»A CAC CTC GGT CCA AAC CTT OCT ACC TTT CTG GGA CCA ACT 

CAA CCA AAO ACA «KyV TGC ACC AAC TCT TAC TTO AAG JAA TG^ 

nrr SCT TTC TST CCST ACS TCe TTG A CA ATG ACG TTC ITT ACG_ASA AAG 

3— > 

CAC TCT OlO CIA TGC TTX JOTT ACT AAG CCA CTT GGG AI^ ACT TAG TC^ 
CTG aS ^ ^ ACG AAA TAA TOA TTC CGT GAA CCC Jh^ TCA ATG CCT 

<--4 



CGT AAA AAA AGA CGT CAA AGG AGG CGT GCA CAC 

CCA TTT TTT TCT GCA GTT TCC TCC GCA CG T GTG GTT TTA ACT GTT TCT 

5— > 

CAC GAG GCA AGC TTG ACT AAA CAO CCG ACG ACT CAC ACT AGG GGC GAT 
OTG ?C5 S? tS TTT - -^-^ -^"^ '^^ 

< — 6 

CCT ACT GGO CCC AAA GAG TGA CAG AAT TCC GAG 
GGA TGA CCC GGG TTT CTC ACT GTC TTA AGG CTC 

The oligonucleotides, each with a IS-base overlap with the adjacent 
oligonucleotide, were linked into the full-length DNA fragment of 2B5 
bps. All the oligonucleotides were mixed together, with the first and 
the last ones (numbers 1 & 6) added in amounts ten tines as much as the 
others. In the presence of dNTP's and Taql DMA polymerase, the mixture 
underwent thermal cycling just as in an ordinary PCR reaction. By 
priming to each other, the oligonucleotides were linked together and 
amplified, as shown below: 

The full-length fragment to be made: 
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Chemically synthesized single stranded oligonucleotides, arrows 
point from 5' to 3': 



1 

> 2 

< 3 



< 5 



.-> 6 
<- 

I dOTP'B 

I TaqI polymerase 

V 



-> 







1 dNTP'a 

1 TaqI polymerase 

V 
























1 TaqI polymerase 

V 








j dNTP's 

1 TaqI polymerase 

V 















The reaction product was cleaved with EcoRl and the 273 bp fragment 
inserted into SFneo at EcoRI site. The recombinant clones were screened 
with Ncol restriction enryme digestion. Clones without insertions (SFneo 
per se) yield two bands of 6024 and 1023 bps respectively. Clones with 
insertions have three bands which are either 5114. 1363 and 1023 bps 
[insertion in right orientation, -SFneo-tat(*)- J or 5317, 1160 and 1023 
bps I insertion in wrong orientation, "SFneo-tat(->" 1 . See Figure 7. 
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Similarly, the coding Bequence for HlV-1 rev can also be diversified: 
The original HIV-1 II IB rev nucleotide and amino acid sequences, is 
shown below. Note the splice junction site at 26th codon. 

ATG CCA CCA AGA AGC OCA OAC AGC GAC GAA GAG CTC 
MAGRSGDS DEE L 

Bd\/Ba 

ATC AGA ACA GTC AGA CTC ATC AAG CTT CTC TAT CAA AGC AAC CCA CCT 
IRTVRLIKLLYQSNPP 

CCC AAC CCC GAG GGG ACC CGA CAC GCC CGA AGG AAT AGA AGA AGA AOG 
PNPECTRQARRNRRRR 

TGG AGA GAG AGA CAC ACA CAG ATC CAT TCG ATT ACT GAA CGG ATC CTT 
WRERQRQIHSISERIL 

GGC ACT TAT CTG GGA CGA TCT GCG GAG CCT GTG CCT CTT CAG CTA CCA 
GTYLGRSAEPVPLQLP 

CCG CTT GAG AGA CTT ACT CTT GAT TGT AAC GAG GAT TGT GGA ACT TCT 
PLERLTLDCNEDCGTS 

GGG ACG CAG GGG GTC GGA AGC CCT CAA ATA TTG GTG GAA TCT CCT ACA 
GTQGVCSPQILVESPT 

GTA TTG GAG TCA GGA ACT AAA GAA TAG 
VLESGTKE* 



Keeping the amino acid sequence unchanged, the nucleotide sequence 
can be diversified at points marked by stars.: 
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ATG CCA GGA AGA AGC GGA 

M A O R S G 
ATG GCT GGT CGT TCG CGT 

* * <r * * 



GAC AGC GAG GAA GAG CTC 

D S D E E L 
GAT TCG GAT GAG GAA TTO 

* <r « * <t * 



ATC AGA ACA GTC AGA CTC ATC AAG 
IRTVRLIK 

ATA CGT ACT GTG CGT TTG ATA AAA 

« ***** * * 

CCC AAC CCC GAG GGG ACC CGA GAG 

PNPEGTRQ 
CCT AAT CCT GAA GGT ACG AGG CAA 

ir * * * <r *** * 

TGG AGA GAG AGA CAG AGA GAG ATC 

WRERQRQI 
TGG CGT GAA CGT CAA CGT CAA ATA 

** *** *** * * 

GGC ACT TAT CTG GGA CGA TCT GCG 

GTYLGRSA 
GGG ACA TAC TTA GGT AGG AGC GCC 

* * *** «** * 

CCG CTT GAG AGA CTT ACT CTT GAT 

PLERLTLD 
CCT TTG GAA CGT TTG ACA TTA GAC 
*** ***** *** * 

GGG ACG CAG GGG GTG GGA AGC CCT 
GTQGVGSP 

GGT ACC CAA GGT CTC GGT TCG CCA 

****** *** * 



CTT CTC TAT CAA AGC AAC CCA CCT 

LLYQSNPP 
TTA TTG TAC CAG TCG AAT CCT CCG 

* * * * * * *** * * * 

GCC CGA AGG AAT AGA AGA AGA AGG 

ARRNRRRR 
GCT AGG CGT AAC CGT CGA CGG CGC 

***** **** **** 

CAT TCG ATT AGT GAA CGG ATC CTT 

HSiSERIIi 
CAC AGC ATC TCA GAG AGA ATA TTA 

* *** ★ *** * * * * * * 

GAG CCT GTG CCT CTT CAG CTA CCA 

EPVPLQLP 
GAA CCA GTC CCA TTA CAA TTG CCT 

^ * * *** *** * 

TGT AAC GAG GAT TGT GGA ACT TCT 
CNEDCGTS 

TGC AAT GAA GAC TGC GGT ACA AGC 
******* *** 

CAA ATA TTG GTG GAA TCT CCT ACA 

QILVESPT 
CAG ATC CTA GTC GAG AGC CCA ACT 

* * * * * * * * 



GTA TTG GAG TCA GGA ACT AAA GAA TAG 

VIiESGTKE* 
GTT CTT GAA AGT GGT ACA AAG GAG TGA 

* * * * *** ****** 
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Removing the original nucleotide sequence: 

MAGRSGDSDEEL 
ATG GCT GOT CGT TCG GCT GAT TCG CAT GAG GAA TTG 

it * « « <r** * * * * ft * * 




VLESGTK E* 
CTT CTT GAA AGT GGT ACA AAG GAG TGA 

'Ct It <t * *** ****** 
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Removing the amino acid sequence as wells 













GOT GGT CGT TCG GGT GAT TCG GAT GAG GAA TTG 

ft * * *** * * * * * * * 


ATA 


CCT 


ACT 


GTG 


CGT 


TTG ATA AAA TTA TTG TAC CAG TCG AAT CCT CCG 

XXLr AXA AAA XXA a*»w wnw^ . 

ftA ft ftftftftft * * ft ft ft 


CCT 


AAT 


CCT 




GGT 


ACG AGG CAA GCT AGG CGT AAC CGT CGA CGG CGC 

ftftft ft ««*«* ftftftft ftftftft 


TGG 


CGT 

* * 


GAA 


CGT 


wAA 


CGT CAA ATA CAC AGC ATC TCA GAG AGA ATA TTA 
^ A * ft ftft* ft ftftft ft ft ft ft ft ft 


GGG 


ACA 


TAC 


TTA 

« * 


GGT 


AGO AGC GCC GAA CCA GTC CCA TTA CAA TTG CCT 

ft ft ftftft ft ft * * ftftft ftftft * 


CCT 


TTG 


GAA 


CGT 

« * 


TTG 

* * 


ACA TTA GAC TGC AAT GAA GAC TGC GGT ACA AGC 

ft ftftft*** *** 


GGT 

W 


ACC 


CAA 


CGT 


GTC 

* 


GGT TCG CCA CAG ATC CTA GTC GAG AGC CCA ACT 

ft ftftft ft ft * ft ft * ft *** * * 


GTT 

* 


CTT 


GAA 


AGT 


GGT 

it 


ACA AAG GAG TGA 

* ft ft ft* 




Removing the stars: 










ATG 


GCT GGT CGT TCG GGT GAT TCG GAT GAG GAA TTG 


ATA 


CGT 


ACT 


GTG 


CGT 


TTG ATA AAA TTA TTG TAC CAG TCG AAT CCT CCG 


CCT 


AAT 


CCT 


GAA 


GGT 


ACG AGG CAA GCT AGG CGT AAC CGT CGA CGG CGC 


TGG 


CGT 


GAA 


CGT 


CAA 


CGT CAA ATA CAC AGC ATC TCA GAG AGA ATA TTA 


GGG 


ACA 


TAC 


TTA 


GGT 


AGG AGC GCC GAA CCA GTC CCA TTA CAA TTG CCT 


CCT 


TTG 


GAA 


CGT 


TTG 


ACA TTA GAC TGC AAT GAA GAC TGC GGT ACA AGC 


GGT 


ACC 


CAA 


CGT 


GTC 


GGT TCG CCA CAG ATC CTA GTC CAG AGC CCA ACT 


GTT 


CTT 


GAA 


AGT 


GGT 


ACA AAG GAG TGA 
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Adding to each end a 12 basepair tail carrying an Eco RI site: 
GAG TGA ATT CAT ATG GCT GGT CGT TCG GGT GAT TCG GAT GAG GAA TTG 
ATA CGT ACT CTO CGT TTG ATA AAA TTA TTG TAG GAG TCG AAT CCT CCG 
CCT AAT CCT GAA GGT AGO AGG CAA CCT AGG CGT AAC CCT CGA COG CGC 
TGG CGT GAA CCT CAA CGT CAA ATA CAC AGC ATC TCA GAG AGA ATA TTA 
GGG ACA TAG TTA GGT AGG AGC GCC GAA CCA GTC CCA TTA CAA TTG CCT 
CCT TTG GAA CGT TTG ACA TTA GAC TGC AAT GAA GAG TGG GGT ACA AGC 
GGT AGC CAA GGT GTC GGT TCG CCA GAG ATC CTA GTC GAG AGC CCA ACT 
CTT GTT GAA AGT GGT ACA AAG GAG TGA TGG AAT TGC CTC 

Adding the complementary strand: 

CAC TGA°ATT Cm'aTG GCT GGT CGT TGG GGT GAT TCG GAT GAG GAA TTG 
CTC ACT TAA CIA TAG CGA CCA CGA AGC CGA CTA AGC CTA GTC GTT AAG 

ATA CGT ACT GTG CGT TTG ATA AAA TTA TTG TAG GAG TGG AAT GCT CCG 
TAT GCA TGA GAC GGA AAC TAT TTT AAT AAC ATG GTC AGC TTA GGA GGC 

S a 1 -I 

CCT AAT GGT GAA GGT AGG AGG CAA GGT AGG CGT AAC CGT CGA GGG GGC 
GGA TTA GGA CTT GGA TGC TCG GTT CGA TCC GCA TTG GCA GGT GGG GGG 

TGG CGT GAA CGT GAA CGT CAA ATA CAC AGC ATG TCA GAG AGA ATA TTA 
ACC GGA GTT GCA GTT GCA GTT TAT GTG TCG TAG AGT CTC TCT TAT AAT 

GGG ACA TAG TTA GGT AGG AGC CCG GAA CCA GTC CCA TTA CAA TTG CCT 
GCC TGT ATG AAT CCA TCC TCG CCG CTT GGT GAG CGT AAT GTT AAG GGA 

CCT TTG GAA GCT TTG ACA TTA CAC TGC AAT GAA GAG TGC GGT ACA AGC 
GGA AAG CTT CCA AAC TGT AAT CTO AGG TTA GTT GTG AGG CCA TGT TGG 

GGT ACC CAA GGT GTC GGT TCG CGA CAG ATC CTA GTC GAG AGC GGA ACT 
GCA TGG GTT CCA CAG CCA AGC GGT GTC TAG GAT CAG CTC TCG GGT TGA 

Eco-RI 

GTT GTT GAA AGT GGT ACA AAG CAG TGA TCG AAT TCG CTC 
GAA GAA GTT TGA CGA TGT TTG CTC ACG AGC TXA AGG CAG 

To synthesize this fragment, eight (8) oligonucleotides are needed 
The positions of the oligonucleotide primers are shown in bold-type 
characters or underlined with numbering and arrows pointing to their 3' 
ends: 
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Ec -RI Nde— I 

GAC TCA AIT CAT-ATG GCXOGTCf^'XCaCGXGfarCGCta^^TrG 
CTC ACT TAA CTA-TAC CCA CCA OCA AGO CCA CTA AGC CTA CTC CTT AAC 

am CGT ACT Cro^CCT TTG ATA AAA TTA TTG tag CAG TCC Ma CCT CCG 
TAT CCA TGA CAC GCA AAC TAT TTT AA T AAC ATC GTC AGC TTA GGA GGC 

S a 1 -I 

CCT AAT CCT CAA CCT ACC AGC CAAGCTAGCCCTAACCCTCGACCOCCC 
OBX TTA GGA CTT CCA TGC TCC GTT CCA TCC GCA TTG GCA CCT GCC GCG 

3.-> 

TGG CCT CAA CCT CAA CCT CAA ATA CAC AGC ATC TCA CAG AOA ATA TTA 
ACC GCA err GCA GTT GCA GTT TAT GTG TCG TAP AGT CTC TCT TAT AAT 

<— 4 

GCG &CA TAC TTA CCT AGG AGC GCC GAA CCA CTC CCA TTA CAA TTG ^ 
CCC TGT ATG AAT CCA TCC TCG CGG CTT GGT CAG GCT AAT GTT AAC GGA 

CCT TTG CAA CCT^TTG ACA TTA CAC TCC AAT CAA CAC TGC GGT ACA AGC 
™ g?? ?CT AAT '-^ r-'rn ^rr. CCA TGT TCG 

<— 6 

GCT ACC CAA GCT CIC GCT TCG CCA CAG ATC CTA GTC CAG AGC CCA ACT 
rn& TOG CTT CCA CAG CCA AGC GCT CTC TAG GAT CAG CTC TCG GGT TGA 

7 > Eco-RI 

GIT CTT GAA ACT GCT ACA AAC GAG TGA-TCG AAT TCC GTC 
CAA GAA CTT TCA CCA TGT TTC CTC ACO-AnC TTA AGG CAG 
<— B 
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SE2 ID NO: 30 (diversified rev DNA sequence with protein) 

CACTCAATTC AT ATO OCT COT CGT TCO CGT CAT TCC OAT CAG CAA 45 
Met Ala Cly Arg Ser Cly Asp Ser Aap Glu Clu 
5 10 

TTC ATA OCT ACT CTO COT TTC ATA AAA TTA TTG TAC CAC TCC AAT 90 
Leu He Arg Thr Val Arg Leu He Lya Leu Leu Tyr Clu Ser Asn 
15 20 25 

CCT CCG OCT AAT COT GAA CGT ACG AGG CAA GCT AGG CGT AAC CGT 135 
Pro Pro Pro Asn Pro Glu Cly Thr Arg Gin Ala Arg Arg Asn Arg 
30 35 40 

CGA CCG CGC TGG CGT GAA CGT CAA CGT CAA ATA CAC AGC ATC TCA 180 
Arg Arg Arg Trp Arg Glu Arg Gin Arg Gin He His Ser lie Ser 
45 50 55 

CAG AGA ATA TTA CGC ACA TAC TTA OCT AGG AGC GCC GAA CCA CTC 225 
Glu Arg He Leu Cly Thr Tyr Leu Cly Arg Ser Ala Glu Pro Val 
60 65 "0 

CCA TTA CAA TTG CCT CCT TTC GAA CGT TTG ACA TTA CAC TCC AAT 270 
Pro Leu Gin Leu Pro Pro Leu Glu Arg Leu Thr Leu Asp Cys Asn 
75 80 85 

GAA CAC TGC GCT ACA AGC GOT ACC CAA GCT GTC CGT TCC CCA CAG 315 
Glu Asp Cys Cly Thr Ser Gly Thr Gin Cly Val Cly Ser Pro Gin 
90 95 100 

l^TC CTA GTC GAG AGC CCA ACT GTT CTT CAA ACT CGT ACA AAG GAG 360 
He Leu Val Glu Ser Pro Thr Val Leu Glu Ser Cly Thr Lys Clu 
105 110 115 

TCATCGAATT CCCTC ^''^ 
Oligonucleotide primers needed to synthesize SEQ ID NO: 30 
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SEQ ID N0:31 

CACTGAATTC ATATGGCTGG TCGTTCCGGT CATTCGGATG ACGAATTGAT 50 
ACGTACTCTG CGT 
SEQ ID N0:32 (»2) 

ACCTTCAGGA TTAGCCGCAG GAITCGACTG GTACAATAAT TTTATCAAAC 50 
GCACAGTACG TAT 
SEQ ID NO:33 (#3) 

CCTAATCCTG AAGGTACCAG CCAAGCTAGG CGTAACCGTC GACGGCGCTG 50 

63 

GCGTGAACGT CAA 
SEQ ID NO: 34 (#4) 

ACCTAAGTAT GTCCCTAATA TTCTCTCTGA GATGCTGTGT ATTTGACGTT 50 
GACGTTCACG CCA 
SEQ ID NO: 35 (#5) 

GGGACATACT TAGGTAGGAG CGCCGAACCA. GTCCCATTAC AATTGCCTCC 50 

63 

TTTGGAACCT TTG 
SEQ ID NO: 36 (#6) 

GACACCTTGC; GTACCGCTTG TACCGCAGTC TTCATTGCAG TCTAATCTCA 50 
AACGTTCCAA AGG ^'^ 
SEQ ID NO:37 (4^7) 

GGTACCCAAG GTGTCGGTTC GCCACAGATC CTAGTCGAGA GCCCAACTGT 50 
TCTTGAAAGT GGT ®^ 
SEQ ID NO: 38 (#8) 

GACGGAATTC GAGCACTCCT TTGTACCA CT TTCAAGAAC 39 

Example 8: CO-TRANSFECTION EXPERIMENTS 

Transfection of pXE (or pX) , pXE-a, pXE-b, pXE-ar and pXE-br into a 
cell line optionally transfected with one of the tat-expression vectors 
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tat-n o or with neo-only control, the viral production, infectivity and 
viral replication upon infection with or without further TAT 
complementation is as follows: 



Transfection Virion Virion 

let 2nd Production Infectivity 



Viral Replication 
Upon infection of 
CD4+ CD4+/Tat+ 
Cells Cells 



(1) 
(2) 
(3) 
(4) 
(5) 
(6) 



none 
none 
none 
none 
none 
none 



(7) -neo 

(8) -neo 

(9) -neo 

(10) -neo 

(11) -neo 

(12) -neo 

(13) tat-neo 

(14) tat-neo 

(15) tat-neo 

(16) tat-neo 

(17) tat-neo 
(IB) tat-neo 



none 

pXE 

pXE-a 

pXB-b 

pXE-ar 

pXE-br 

none 

pXE 

pXE-a 

pXE-b 

pXE-ar 

pXE-br 

none 

pXE 

pXE-a 

pXE-b 

pXE-ar 

pXE-br 



No 

Yes 

No 

No 

No 

No 

No 

Yes 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 



No 

Yes 

No 

No 

No 

No 

No 

Yes 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 



No 

Yes 

No 

No 

No 

No 

No 

Yes 

No 

No 

No 

No 

No 

Yes 

No 

No 

No 

No 



No 

Yes 

No 

No 

No 

No 

No 

Yes 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 



Virus Co- Infection Experiments 

When supernatant from different transfections (numbered as : 
above table) are collected and the combination is used to infect 
cell line, the results are as follows: 
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+ Virus particles are produced; 

- Virus particles are not produced; 

± Virus particles are produced transiently • 



* * * 

While the present invention has been described in terms of preferred 
embodiments, it is understood that variations and modifications will 
occur to those skilled in the art. Therefore, it is intended that the 
appended claims cover all such equivalent variations which come within 
the scope of the invention as claimed. 

The features disclosed in the foregoing description, in the following 
claims and/or in the accompanying drawings may, both separately and in 
any combination thereof, be material for realizing the invention in 
diverse forms thereof. 
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HHRT IS CIAIHEP TS; 

1. An antisense virus comprising: 

a viral coat sufficiently duplicative of a naturally occurring virus 
viral coat to allow the inf activity of said naturally occurring virus, 
and 

nucleic acid including an antisense fragment which is antisense to a 
section of a gene encoding a tranaactivating protein required for said 
naturally occurring virus to replicate, said antisense fragment encoding 
antisense RNA capable of binding and inactivating mRNA encoded by said 
gene encoding a tranaactivating protein. 

2. An antisense virus as in Claim 1 wherein said antisense virus is 
replication defective. 

3. An antisense virus as in Claim 1 wherein said nucleic acid 
includes all of the structural genes of said naturally occurring virus. 

4. An antisense virus as in Claim 1 wherein said nucleic acid 
includes all of the regulatory genes of said naturally occurring virus 
except said gene encoding a transactivating protein. 

5. An antisense virus as in Claim 1 wherein except for said 
antisense fragment which encodes antisense UNA, said antisense virus is 
the same as said naturally occurring virus. 

6. An antisense virus as in Claim 1 wherein said naturally occurring 
virus is an animal virus. 

7. An antisense virus as in Claim 1 wherein said naturally occurring 
virus is a DNA virus. 

8. An antisense virus as in Claim 1 wherein said naturally occurring 
virus is an RNA virus. 
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9. An antlsense virus as in Claim 8 wherein said naturally 
occurring virus is a retrovirus. 

10. An antisense virus as in Claim 9 wherein said naturally 
occurring virus is selected from the group consisting of HIV-1, HIV-2 and 
SIV. 

11. The antisense virus as in Claim 10 wherein said antisense 
fragment which encodes antisense RNA is a section of a gene selected from 
the group consisting of tat, rev and vpr, which has been turned antisense 

12. An antisense virus as in Claim 10 wherein said mRNA is an mRNA 
encoded by a gene selected from the group consisting of tat, rev, and vpr 

13. An antisense virus as in Claim 6 wherein said virus is a human 
T-lymphotropic virus. 

14. An antisense virus as in Claim 6 wherein said virus is hepatitis 
B virus. 

15. An antisense proviral molecular clone including 
structural genes of a naturally occurring -J-irus, and 

an antisense fragment which is antisense to a section of a gene 
encoding a transactivating protein required for said naturally occurring 
virus to replicate, said antisense fragment encoding antisense RNA 
capable of binding and inactivating mRNA encoded by said gene encoding a 
transactivating protein. 

16. A method of synthesizing an antisense proviral molecular clone 
comprising the steps of: 

a) inserting DNA encoding a naturally occurring virus into a 
vector; and 

b) creating an antisense fragment in said DNA by turning antisense 
a section of a gene of said DNA, said gene encoding a 
transactivating protein required for said naturally occurring 
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virus to replicate, said antisense fragment enc ding antisense 
RKA capable of binding and inactivating mRNA encoded by said 
gene encoding a transactivating protein. 

17. A method as in Claim 16 wherein said vector is a plasmid. 

18. A method as in Claim 16 wherein said vector is a phagemid. 

19. A method as in Claim 16 wherein said vector is a cosmid. 

20. A method as in Claim 16 wherein said vector is a bacterial phage 
lambda. 

21. A method of synthesizing an antisense proviral molecular clone 
comprising the steps of: 

a) inserting DNA encoding a naturally occurring virus into a vector; 

b) creating an antisense fragment in said DNA by carrying out a 
polymerase chain reaction using a section of a gene encoding a 
transactivating protein required for said naturally occurring 
virus to replicate as a template, said section of a gene is 
bordered by a unique restriction enzyme A at its first end and 
by a unique restriction enzyme site B at its second end, and 
using 

primer 1 comprising DNA complementary to a first end of said 
section of DNA as its 3' half, and DNA containing said restriction 
site B as its 5* half, and 

primer 2 comprising DNA complementary to a second end of said 
section of DNA as its 3' half, and DNA containing said restriction 
site A as its 5' half, 

as primers to produce PCR amplification products; 

c) digesting said vector with restriction enzyme A and restriction 
enzyme B to release said section of a gene; 

d) digesting said PGR amplification products with restriction 
enzyme A and restriction enzyme B to release said antisense 
fragment; and 
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e) ligating said anti sense fragment into said vector, 

vherein said anti sense fragment encodes antisense RNA capable of 

binding and inactivating mRNA encoded by said gene encoding a 

tranaactivating protein. 

22. A procaryotic or ©ucaryotic host cell stably transfected with: 

a) a first DNA sequence including structural genes of a naturally 
occurring virus, and an antisense fragment which is antisense to 
a section of a gene encoding a transactivating protein required 
for said naturally occurring virus to replicate, said antisense 
fragment encoding antisense RNA capable of binding and 
inactivating mRNA encoded by said gene encoding a 
transactivating protein; and 

b) a second DNA sequence encoding said transactivating protein; 
in a manner allowing expression of an antisense virus. 

23 . A host cell as in claim 22 wherein said second DNA sequence 
encodes mRNA which does not bind to said antisense RNA. 

24. A host cell as in claim 22 wherein said naturally occurring 
virus is selected from the group consisting of HIV-1, HIV-2 and SIV. 

25. A process for the production of an antisense virus, said process 
comprising: 

a) growing under suitable nutrient conditions procaryotic or 
eucaryotic host cells transfected with: 

i) a first DNA sequence including structural genes of a 

naturally occurring virus, and an antisense fragment which 
is antisense to a section of a gene encoding a 
transactivating protein required for said naturally 
occurring virus to replicate, said antisense fragment 
encoding antisense RNA capable of binding and inactivating 
mRNA encoded by said gene encoding a transactivating 
protein, and 
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ii) a sec nd DNA sequence encoding said transactivating protein 
in a aanner allowing expression of said antisense virus, and 
b) isolating said antisense virus. 

26. A process as in Claim 25 wherein said host cells are transfected 
with said second DNA sequence prior to being transfected with said first 
DNA sequence. 

27. A method of treating a viral infection comprising administering 
to an infected animal a therapeutically effective amount of an antisense 
virus as in Claim 1. 

28. A method as in Claim 27 wherein said infected animal is a human, 
and said section of a gene is from said human. 

29. A method of preventing a viral infection comprising 
administering to an animal a therapeutically effective amount of an 
antisense virus as in Claim 1. 

30. A method as in Claim 28 wherein said naturally occurring virus 
is selected from the group consisting of HIV-1, HIV-2, and SIV. 

31. An anti sense- ribozyme virus comprising: 

a viral coat sufficiently duplicative of a naturally occurring virus 
viral coat to allow the infectivity of said naturally occurring virus, and 

nucleic acid including an antisense fragment which is antisense to a 
section of a gene encoding a transactivating protein required for said 
naturally occurring virus to replicate, said antisense fragment encoding 
antisense RNA capable of binding and inactivating mRNA encoded by said 
gene encoding a transactivating protein, said antisense fragment also 
encoding at least one ribozyme capable of cleaving said mRNA. 

32. An antisense-ribozyme virus as in Claim 31 wherein said 
anti sense- ribozyme virus is replication defective. 
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33. An antisense-ribozynie virus as in Claim 31 wherein said nucleic 
acid includes all of the structural genes of said naturally occuring 
virus. 

34. An anti sense- ribozyme virus as in Claim 31 wherein said nucleic 
acid includes all of the regulatory genes of said naturally occurring 
virus except said gene encoding a transactivating protein. 

35. An antisense-ribozyrae virus as in Claim 31 wherein except for 
said antisense fragment which encodes antisense RNA, said 
antisense-ribozyme virus is the same as said naturally occurring virus.. 

36. An antisense-ribozyme virus as in Claim 31 wherein said ribozyme 
is a hammerhead ribozyme. 

37. An antisense-ribozyme virus as in Claim 31 wherein said 
naturally occurring virus is an animal virus. 

38. An antisense-ribozyme virus as in Claim 31 wherein said 
naturally occurring virus is a DNA virus. 

39. An antisense-ribozyme virus as in Claim 31 wherein said 
naturally occurring virus is an RNA virus. 

40. An antisense-ribozyme virus as in Claim 39 wherein said 
naturally occurring virus is a retrovirus. 

41. An antisense-ribozyme virus as in Claim 40 wherein said 
naturally occurring virus is selected from the group consisting of HIV-1, 
HIV-2 and SIV. 

42. An antisense-ribozyme virus as in Claim 41 wherein said 
antisense fragment which encodes antisense RNA is a section of a gene 
selected from the group consisting of tat. rev and vpr which has been 
turned antisense and which includes at least one ribozyme. 



-151- 



wo 94/03596 



PCr/US93/07179 



43. An antisena -ribozyme virus as in Claim 41 wherein said bKNA is 
an bRNA encoded by a gene selected from the group consisting of tat, rev, 
and vpr. 

44. An antiaense-ribozyme proviral molecular clone including 
structural genes of a naturally occurring virus, and 

an anti sense fragment which is anti sense to a section of a gene 
encoding a transactiyating protein required for said naturally occurring 
virus to replicate, said antisense fragment encoding antisense UNA 
capable of binding «RNA encoded by said gene encoding a transactivating 
protein, said antisense fragment also encoding at least one. ribozyme 
capable of cleaving said mRNA. 

45. A method of synthesizing an antisense-ribozyme proviral 
molecular clone comprising the steps of: 

a) inserting DNA encoding a naturally occurring virus into a vector; 

b) creating an antisense fragment in said DNA by turning antisense 
a section of a gene of said DNA, said gene encoding a 
transactivating protein required for said naturally, occurring 
virus to replicate, and 

c) inserting DNA encoding at least one ribozyme in said antisense 
fragment such that the transcription product of said antisense 
fragment is antisense RNA capable of binding and cleaving mKNA 
encoded by said gene encoding a transactivating protein. 

46. A method of synthesizing an antisense-ribozyme proviral 
molecular clone comprising the steps of; 

a) inserting DNA encoding a naturally occurring virus into a vector 

b) creating an antisense fragment in said DNA by carrying out a 
polymerase chain reaction using a section of a gene encoding a 
transactivating protein required for said naturally occurring 
virus to replicate as a template, said section of a gene is 
bordered by a unique restriction enzyme A of its first end and 
by a unique restriction enzyme site B at its second end, and 
using 
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primer 1 comprising DNA compl mentary to a first end of said 
section of DNA as its 3' half, and DNA containing said restriction 

site B as its 5' half, 

primer 2 comprising DNA complementary to a second end of said 
section of DNA as its 3' half, and DNA containing said restriction 
site A as its 5' half, and 

at least one bridging primer comprising DNA complementary to 
the 3' side of a ribozyme cleavage site as its 5' third, DNA 
complementary to the 5' side of said ribozyme cleavage site as its 3' 
third, and DNA encoding a ribozyme as its middle third, 

as primers to produce PGR amplification products; 

c) digesting said vector with restriction enzyme A and restriction 
enzyme B to release said section of a gene; 

d) digesting said PCR amplification products with restriction 
enzyme A and restriction enzyme B to release said antisense fragment; 
and 

e) ligating said antisense fragment into said vector, 
wherein said ribozyme cleavage site is selected such that the 

transcription product of said antisense fragment is antisense RNA capable 
of binding and cleaving mRNA encoded by said gene encoding a 
transactive ting protein. 

47. A procaryotic or eucaryotic host cell stably transf acted with: 

a) a first DNA sequence including structural genes of a naturally 
occurring virus, and an antisense fragment which is antisense to 
a section of a gene encoding a transact ivating protein required 
for said naturally occurring virus to replicate, said antisense 
fragment encoding antisense RNA capable of binding mRNA encoded 
by said gene encoding a transactivating protein, said antisense 
fragment also encoding at least one ribozyme capable of cleaving 
said mRNA; and 

b) a second DNA sequence encoding said transactivating protein; 
in a manner allowing expression of an antisense-ribozyme virus. 
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48. A host cell as in claim 47 wherein said second DNA sequence 
encodes mRNA which does not bind to said antisense RNA and which is not 
cleaved by said ribosyne. 

49. A host cell' as in claim 47 wherein said naturally occurring 
virus is selected from the group consisting of HIV-1, HIV-2, and SIV. 

50. A process for the production of an antisense ribozyme virus, 
said process comprising: 

a) growing tmder suitable nutrient conditions procaryotic or 
eucaryotic host cells transfected with: 

i) a first DNA sequence including structural genes of a 
naturally occurring virus, and an antisense fragment which 
is antisense to a section of a gene encoding a 
transactivating protein required for said naturally 
occurring virus to replicate, said antisense fragment 
encoding antisense RNA capable of binding mRNA encoded by 
said gene encoding a transactivating protein, said 
antisense fragment also encoding at least one ribozyme 
capable of cleaving said mRNA, and 

ii) a second DNA sequence encoding said transactivating protein, 
in a manner allowing expression of said antisense ribozyme virus, and 

b) isolating said antisense ribozyme virus. 

51. A process as in Claim 50 wherein said host cells are transfected 
with said second DNA sequence prior to being transfected with said first 
DNA sequence. 



52. A method of treating a viral infection comprising administering 
to an infected animal a therapeutically effective amount of an 
antisense- ribozyme virus as in Claim 31. 

53. A method as in Claim 52 wherein said infected animal is a human 
and said section of a gene is from said human. 
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54. A method of preventing a viral infection comprising 
administering to an animal a therapeutically effective amount of an 
antisense-ribosyme virus as in Claim 31. 

55. A method as in Claim 53 wherein said naturally occurring virus 
is selected from the group consisting of HlV-1, HIV-2, and SIV. 

56. A method of connecting a first DNA segment to a second. DNA 
segment, said first DNA segment and said second DNA segment being 
separated by a length of DNA, or located on different molecules, 
con^rising the steps of: 

carrying out polymerase chain reaction using said DNA segments as 

templates, emd using 

a primer A complementary to the 5' end of said first DNA segment, 
a primer B complementary to the 3' end of said second DNA 
segment, and 

a bridging primer comprising DNA complementary to the 3' end of 
said first DNA segment as its 5' half, and DNA complementary to the 
5' end of said second DNA segment as its 3' half, 
as primers. 

57. A method as in Claim 56, wherein the molar concentration of 
primers A and B are the same, and the molar concentration of said 
bridging primer is about 1/10 of the molar concentration of primer A or B. 

58. A method of synthesizing a DNA sequence comprising the steps of: 
a) synthesising a series of oligodeoxynucleotides including: 

a first oligodeoxynucleotide having a 5" end complementary 
to the 5' end of said DNA sequence and a 3' end complementary to 
the 5' end of one other oligodeoxynucleotide, 

internal oligodeoxynucleotides wherein the 3' end of each 
oligodeoxynucleotide is complementary to the 5' end of one other 
oligodeoxynucleotide, and 
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a last oligodeoxynucleotide having a 3' end c mplementary 
to the 3' end of said DNA sequence and a 5' end complementary to 
the 3' end of one other oligodeoxynucleotide, 

wherein said series extends the full length of said DNA 
sequence to be synthesized; 
b) carrying out a thermal cycling connection-amplification 

reaction on a thermal cycler under reaction conditions suitable 
for thermal stable DNA polymerase in the presence of: 

i) said oligodeoxynucleotides; 

ii) four 2*-deoxynucleoBide 5' -triphosphatase; and 

iii) thermal stable polymerase. 

59. A method as in claim 58 wherein said first and said last 
oligodeoxynucleotides are added in equal amounts, and each internal 
oligodeoxynucleotide is added at about 1/10 that of said first or said 
last oligodeoxynucleotide. 

60. A method as in Claim 58 wherein said DNA sequence is a 
regulatory gene sequence. 

61. A method as in Claim 60 wherein said DNA sequence is a protein 
coding sequence. 

62. A method as in Claim 61 wherein said DNA sequence is a protein 
coding sequence of a viral gene. 

63. A method as in Claim 62 wherein said DNA sequence is a protein 
coding sequence of a viral gene with a diversified nucleotide sequence. 

64. A nucleic acid selected from the group consisting of SEQ ID 
NO: 1-38. 
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